MI M Nil III Nil i III 

n) EP 1 302 470 A1 

(12) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 1 58(3) EPC 



(43) Date of publication: 


(51) IntCI. 7 : C07D 307/82 


16.04.2003 Bulletin 2003/16 




(86) International application number: 


(21) Application number: 01947999.7 


PCT/JP01/06070 


(22) Date of filing: 13.07.2001 


(87) International publication number: 




WO 02/006264 (24.01.2002 Gazette 2002/04) 


(84) Designated Contracting States: 


• NAKAMURA, Masahira 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Kashiba-shi, Nara 639-0242 (JP) 


MC NL PT SE TR 


• MARUI, Shogo 


Designated Extension States: 


Kobe-shi, Hyogo 651-1144 (JP) 


AL LT LV MK RO SI 


• OGINO, Masaki 




Nishinomiya-shi, Hyogo 663-8021 (JP) 


(30) Priority: 13.07.2000 JP 2000212611 




26.12.2000 JP 2000395079 


(74) Representative: Rickard, Timothy Mark Adrian 




Takeda Patent Office, 


(71) Applicant: Takeda Chemical Industries, Ltd. 


11-12 Charles II Street 


Osaka-sht, Osaka 541-0045 (JP) 


London SW1Y4QU (GB) 


(72) Inventors: 




• TERASHITA, Zen-ichi 




Toyonaka-shi, Osaka 565-0085 (JP) 





(54) LIPID-RICH PLAQUE INHIBITORS 



(57) The present invention provides a lipid-rich plaque regressing agent comprising a compound represented by 
Formula: 




in which ring A is a cyclic hydrocarbon or the like; ring B is a heterocyclic ring or the like; each of X and Y is -NR 1 - (in 
which R 1 is a hydrocarbon or the like); D is a C^ alkylene group or the like; E is -NH- or the like; G is a bond or the 
like; and Ar is an aryl or the like; D may be taken together with a constituent atom of the ring B to form a ring, and R 4 
may be taken together with a constituent atom of the ring B to form a ring. 



J fr . 

*>J^\ - • Europaisches Patentamt ' 

(19) Ojji Eur °P ean Patent Office 

Office europeen des brevets 



CM 
CO 



Q_ 

HI 



Printed by Jouve. 75001 PARIS (FR) 




EP 1 302 470 A1 



Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a lipid-rich plaque regressing agent useful in preventing or treating acute 
coronary artery syndrome such as acute myocardial infarction, unstable angina and the like, peripheral artery occlusion 
and the like. 

BACKGROUND ART 



[0002] As an agent for reducing the level of blood cholesterol which causes arteriosclerosis, an agent which inhibits 
the absorption of bile acid by capturing it such as cholestyramine and cholestipol (US Patent 4027009), an agent which 
inhibits the absorption of cholesterol via an intestinal tract by inhibiting an acyl coenzyme A cholesterol acyl transferase 
(ACAT) such as melinamide (French Patent 1476569) and a cholesterol synthesis inhibitor, especially an agent which 
15 inhibits 3-hydroxy-3-methylgultaryl coenzyme A (HMG-CoA) reductase such as lovastatin (US Patent 4231938), sim- 
vastatin (US Patent 4444784) and pravastatin (US Patent 4346227) are employed in pharmaceuticals. 
[0003] However, an HMG-CoA reductase inhibitor may cause a problem associated with side effects due to its in- 
hibitory effect not only on cholesterol biosynthesis but also on a biologically essential component such as ubiquinone, 
dolichol and hem A. 

20 [0004] Acute coronary artery syndrome (for example, unstable angina, acute myocardial infarction and ischemic 
sudden death) is caused by the destruction of a coronary artery plaque (atheroma) followed by the formation of a 
thrombus and the resultant plugging of the lumen of the coronary artery. Peripheral artery occlusion is caused by the 
destruction of an artery plaque (atheroma) followed by the formation of a thrombus and the resultant plugging of the 
lumen of a peripheral artery. These diseases are related closely with the characteristics of the plaque, and a lipid-rich 

25 plaque formed by the deposition of a macrophage retaining lipids such as cholesterol extensively onto an inner wall 
of a blood vessel is believed to cause acute coronary artery syndrome and peripheral artery occlusion. 
[0005] Accordingly, the regression and removal of a lipid-rich plaque are very important for preventing or treating 
acute coronary artery syndrome such as acute myocardial infarction and unstable angina as well as peripheral artery 
occlusion. Also since a lipid-rich plaque is observed in a human whose blood cholesterol level is not high and a lipid- 

30 rich plaque once formed is difficult to be removed, an agent capable of regressing such a lipid-rich plaque efficiently 
has been desired. Since a lipid-rich plaque is observed in a human whose blood cholesterol level is not high, the ACAT 
inhibition to reduce the intestinal absorption of cholesterol is not considered to be sufficient for regressing and removing 
the lipid-rich plaque. 

35 SUMMARY OF THE INVENTION 

[0006] The present invention provides a lipid-rich plaque regressing agent useful in preventing or treating acute 
coronary artery syndrome such as acute myocardial infarction and unstable angina as well as peripheral artery occlu- 
sion. The present invention also provides a lipid-rich plaque regressing agent which is migrated readily into a blood 
40 vessel or tissue to act directly on a macrophage in which lipids such as cholesterol are retained extensively whereby 
exerting a direct regressing effect on an arteriosclerotic focus. 

[0007] In consideration of the above, we studied intensively and, as a result, we found out that an ACAT inhibitor 
having a certain structure has an unexpectedly high lipid-rich plaque regressing effect, which is sufficiently effective 
even at a concentration which does not affect the blood cholesterol level, and thereby completed the present invention. 
45 [0008] Thus, the present invention relates to: 



10 



(1) a lipid-rich plaque regressing agent comprising a compound represented by Formula [I] : 



55 



50 




A r 



in which ring A is an optionally substituted cyclic hydrocarbon or an optionally substituted heterocyclic ring; ring B 
is a 5- or 6-membered homocyclic or heterocyclic ring; each of X and Y is -NR 1 - (in which R 1 is a hydrogen atom, 



2 
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optionally substituted hydrocarbon group, optionally substituted hydroxyl group or optionally substituted amino 
group), -O, -S-, -CO-, -CS-, -C(R 2 )R 2a - (in which each of R 2 and R 2a is a hydrogen atom, optionally substituted 
hydroxyl group or optionally substituted hydrocarbon group), - N= or =CR 3 - (in which R 3 is a hydrogen atom, 
halogen atom, optionally substituted hydrocarbon group, optionally substituted hydroxyl group or a mercapto group 
which may be substituted by an optionally substituted hydrocarbon group); D is a C^_ z alkylene group which may 
be substituted by an oxo group or thioxo group, -NH- or -CH 2 NH-; E is -NR 4 - (in which R 4 is a hydrogen atom or 
optionally substituted hydrocarbon group), -O-, -S(0)n- (n is 0, 1 or 2) or -CONR 5 - (in which R 5 is a hydrogen atom 
or optionally substituted hydrocarbon group); G is a bond or C-,_ 3 alkylene group; Ar is an optionally substituted 
aryl group or optionally substituted heterocyclic group, D may be taken together with a constituent atom in the ring 
B to form a 5-to 7-membered ring which may be substituted by an oxo group or thioxo group, R 4 may be taken 
together with a constituent atom of the ring B to form a 5- to 7-membered ring which may be substituted by an oxo 
group or thioxo group, and the ring B may have a further substituent in addition to -D-E-G-Ar or a salt thereof; 
(2) the lipid-rich plaque regressing agent according to the above-mentioned (1) comprising a compound repre- 
sented by Formula [II]: 




in which ring A* is an optionally substituted 6-membered cyclic hydrocarbon group; ring C is an optionally substituted 
benzene ring; one of X' and 2 is -NR 1 - (in which R r is a hydrogen atom, optionally substituted hydrocarbon group 
or optionally substituted amino group), -O- or -S- and the other is -CO-, -CS- or -C(R 2 ')R 2a - (in which each of R 2 ' 
and R 2a ' is a hydrogen atom or optionally substituted hydrocarbon group), or one of them is -N= and the other is 
=CR 3 '- (in which R 3 ' is a hydrogen atom, halogen atom, optionally substituted hydrocarbon group, optionally sub- 
stituted amino group, optionally substituted hydroxyl group or mercapto group which may be substituted by an 

optionally substituted hydrocarbon group); — — is a single bond or double bond; Y\ when adjacent to Y 

is a single bond, is 




(in which R 6 is a hydrogen atom, hydroxyl group or optionally substituted hydrocarbon group) or a nitrogen atom, 

Y\ when adjacent to Y' is a double bond, is a carbon atom; D' is a C 1 . 3 alkylene group which may be 

substituted by an oxo group or thioxo group; E' is -NR 7 - (in which R 7 is a hydrogen atom or optionally substituted 
hydrocarbon group), -O- or -S(0)n- (in which n is 0, 1 or 2); G' is a bond or C 1 _ 3 alkylene group; Ar' is an optionally 
substituted aryl group or optionally substituted heterocyclic group, D' may be taken together with 2 to form a 5- to 
7-membered ring which may be substituted by an oxo group or thioxo group, R 7 may be taken together with 2 to 
form a 5- to 7-membered ring which may be substituted by an oxo group or thioxo group or a salt thereof; 
(3) the lipid-rich plaque regressing agent according to the above-mentioned (1) comprising a compound repre- 
sented by Formula [III]: 
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5 



10 




in which each of ring A M , ring C* and ring H is an optionally substituted benzene ring, X" is -NR 8 - (in which R 8 is a 
15 hydrogen atom or optionally substituted hydrocarbon group), -O- or -S-, U is -(CH2)m- (in which m is 1 or 2) or 

-NH-, R a is a hydrogen atom or optionally substituted hydrocarbon group) or a salt thereof; 
(4) the lipid-rich plaque regressing agent according to the above-mentioned (1) comprising a compound repre- 
sented by Formula [IV]: 

20 



25 



30 




in which ring A m is an optionally substituted benzene ring, Q is an optionally substituted aromatic ring, W is -CH 2 -, 
-CO- or -CS-, V is 



-CH— — N— 

I or « , 

40 

or W and V are taken together to form 



45 



c=c 



H 



50 Y" is -CH 2 -, -O-, -S-, -CO-, -CS- or -NR 9 - (in which R 9 is a hydrogen atom or hydrocarbon group), U' is -NH-, -CH 2 - 

or -CH 2 NH-, R b is a hydrogen atom or optionally substituted hydrocarbon group, is a single bond or double 

bond or a salt thereof; 

(5) the lipid-rich plaque regressing agent according to the above-mentioned (1) comprising a compound repre- 
sented by Formula [V]: 



4 
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15 in which each of R 10 and R 11 is a hydrogen atom, halogen atom, optionally substituted linear hydrocarbon group 

or hydroxyl group which may be substituted by an optionally substituted linear hydrocarbon group, or the both may 
be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon or a dihy- 
drofuran ring which may be substituted by an oxo group, ring I is an optionally substituted benzene ring or optionally 
substituted pyridine ring (preferably optinally substituted with benzen ring), ring J is an optionally substituted ben- 

20 zene ring or optionally substituted pyridine ring or a salt thereof; 

(6) the lipid-rich plaque regressing agent according to the above-mentioned (5) wherein each of R 10 and R 11 is a 
hydrogen atom, halogen atom or optionally substituted linear hydrocarbon group, or the both may be taken together 
with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon; 

(7) the lipid-rich plaque regressing agent according to the above-mentioned (1) comprising a compound repre- 
25 sented by Formula [VI]: 



30 



35 



40 




in which each of R 12 and R 13 is a hydrogen atom, halogen atom or optionally substituted linear hydrocarbon group, 
or the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydro- 
carbon, 

45 



50 




group is an optionally substituted phenyl group, ring L is an optionally substituted benzene ring or optionally sub- 
stituted pyridine ring or a salt thereof; 

(8) the lipid-rich plaque regressing agent according to the above-mentioned (1) which is a prophylactic and ther- 
55 apeutic agent against acute coronary artery syndrome; 

(9) the lipid-rich plaque regressing agent according to the above-mentioned (1) which is a prophylactic and ther- 
apeutic agent against acute myocardial infarction; 

(10) the lipid-rich plaque regressing agent according to the above-mentioned (1) which is a prophylactic and ther- 
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apeutic agent against unstable angina; 

(11) the lipid-rich plaque regressing agent according to the above-mentioned (1) which is a prophylactic and ther- 
apeutic agent against peripheral artery occlusion; 

(12) a compound represented by Formula [V]: 

5 



10 



15 




20 

in which each of R 10 and R 11 is a hydrogen atom, halogen atom, optionally substituted linear hydrocarbon group 
or hydroxyl group which may be substituted by an optionally substituted linear hydrocarbon group, or the both may 
be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon or a dihy- 
drofuran ring which may be substituted by an oxo group, ring I is an optionally substituted benzene ring or optionally 
25 substituted pyridine ring (preferably optionally substituted benzene ring), ring J is an optionally substituted benzene 

ring or optionally substituted pyridine ring, provided that when R 10 is a hydrogen atom then R 11 is a substituted 
linear hydrocarbon group, or a salt thereof; 

(13) the compound according to the above-mentioned (12) wherein each of R 10 and R 11 is a hydrogen atom, 
halogen atom or optionally substituted linear hydrocarbon group, or the both are taken together with the adjacent 

30 carbon atoms to form an optionally substituted cyclic hydrocarbon; 

(14) the compound according to the above-mentioned (12) wherein each of R 10 and R 11 is a halogen atom or 
optionally substituted C^ 7 alkyl group; 

(15) the compound according to the above-mentioned (12) wherein the cyclic hydrocarbon is a C5.7 cyclic hydro- 
carbon; 

35 (16) the compound according to the above-mentioned (12) wherein the ring J is a benzene ring substituted by 

halogenated alkyl group and/or halogen atom; 

(17) the compound according to the above-mentioned (12) wherein the ring I is a benzene ring which may be 
substituted by alkyl group, halogenated alkyl group or halogen atom; 

(18) a compound represented by Formula [VI]: 

40 



45 



50 




55 

in which each of R 12 and R 13 is a hydrogen atom, halogen atom or optionally substituted linear hydrocarbon group, 
or the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydro- 
carbon, 
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group 

is an optionally substituted phenyl group (provided that 2-chlorophenyl and 2-fluorophenyl are excluded), ring L is 
an optionally substituted benzene ring or optionally substituted pyridine ring, provided that when 




group 

is a phenyl group, then R 13 is not a methyl group, and when 




group 

is a 2-methylphenyl group, then R 13 is not a chlorine atom, or a salt thereof; 

(19) the compound according to the above-mentioned (18) wherein each of R 12 and R 13 is a halogen atom or C^. z 
alkyl group; 

(20) the compound according to the above-mentioned (18) wherein the cyclic hydrocarbon is a C 5 . 7 cyclic hydro- 
carbon; 

(21) the compound according to the above-mentioned (18) wherein: 




group 

is a phenyl group which may be substituted by a C 1 . 3 alkyl group; 

(22) the compound according to the above-mentioned (18) wherein the ring L is a substituted benzene ring; 

(23) 2-[7-Chloro-4-(3-chlorophenyl) -6-methyl-2-oxo-2H-chromen-3-yl]-N-[4-chloro-2-(trifluoromethyl)phenyl] 
acetamide; 

2-[7^hloro-4-(3-chlorophenyl)-6-methyl-2^ 
mide; 

2-[7-chloro^-(3-chloro^-fluorophenyl)^ 
acetamide; 

2-[7-chloro^-(3-chloro^-fluorophenyl)^ phenyl] 
acetamide; 

2-[7-chloro-6-methyl-4- (3-methylphenyl)-2-oxo-2H-chromen-3-yl]-N-[4-chloro-2-(trifluoromethyi)phenyl]aceta- 
mide; 

2-[7-chloro-6-methyl-4-(3-methylpheny 
mide; 

2-[7<:hloro-2-oxo-4-phenyl-6-[(4-phenylpi^^ 
phenyl]acetamide; 

2-[7^hloro-2^xo-4-phenyl-6-[(4-phenylpiperazin-1-yl)m 
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phenyl]acetamide; 

2- [7-chloro-6-[[4- (4-chlorophenyl)-3,6-dihydropyridin-1(2H)-yn^ 

-N-[4-ch!oro-2-(trifluoromethyl)phenyl]acetamide; 

2-[7-chlorcH6-[[4-(4-chlorophenyl)-3,6-dihyd 

-N-[4-fluoro-2-(trifluoromethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(3-methylphenyl)piperidi^^^ 

omethyl)phenyl]acetamide; 

2-[7-ch!oro-6-[[4-(3-methylphenyl)piperidin-1-yl]methyl]-2-oxo^-phenyl-2H-ch 
omethyl)phenyl]acetamide; or a salt thereof; 

(24) a prodrug of the compound according to any one of the above-mentioned (12), (18) and (23); 

(25) a pharmaceutical composition comprising the compound according to any one of the above-mentioned (12), 
(18) and (23) or a prodrug thereof; 

(26) an agent for inhibiting progression of an arteriosclerotic focus comprising a compound having a lipid-rich 
plaque regressing effect or a salt thereof; 

(27) the agent according to the above-mentioned (26) in combination with an HMG-CoA reductase inhibitor. 

(28) a method for producing the compound according to the above-mentioned (12) or a salt thereof, which com- 
prises reacting a compound represented by Formula [VIII]: 




[in which each symbol is as defined in the above-mentioned (12)] or a salt thereof or a reactive derivative thereof 
with a compound represented by Formula [VIII]: 




Cv I I i ] 



[in which each symbol is as defined in the above-mentioned (12)] or a salt thereof; 

(29) a method for producing the compound according to the above-mentioned (18) or a salt thereof, which com 
prises reacting a compound represented by Formula [IX]: 



8 
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10 




C00H 



CIX} 



15 [jn which each symbol is as defined in the above-mentioned (18)] or a salt thereof or a reactive derivative thereof 

with a compound represented by Formula [X]: 



20 



H 2 N 




25 [in which each symbol is as defined in the above-mentioned (18)] or a salt thereof; 

(30) a method for producing the compound according to the above-mentioned (18) or a salt thereof, which com- 
prises reacting a compound represented by Formula [XI]: 



30 



35 



40 




[in which each symbol is as defined in the above-mentioned (18)] or a salt thereof with a compound represented 
by Formula [XII]: 



45 



0=C=W 



50 




CXI ID 



[in which each symbol is as defined in the above-mentioned (18)] or a salt thereof; 

(31) a method for regressing a lipid-rich plaque in a mammal, which comprises administering an effective amount 
55 of the compound according to the above-mentioned (1 ) or a salt thereof to a mammal; 

(32) a method for preventing and treating acute coronary artery syndrome in a mammal, which comprises admin- 
istering an effective amount of a compound according to the above-mentioned (1 ) or a salt thereof to a mammal; 

(33) a method for preventing and treating acute myocardial infarction in a mammal, which comprises administering 
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an effective amount of the compound according to the above-mentioned (1) or a salt thereof to a mammal; 

(34) a method for preventing and treating unstable angina in a mammal, which comprises administering an effective 
amount of the compound according to the above-mentioned (1 ) or a salt thereof to a mammal; 

(35) a method for preventing and treating peripheral artery occlusion in a mammal, which comprises administering 
5 an effective amount of the compound according to the above-mentioned (1 ) or a salt thereof to a mammal; 

(36) a method for regressing a lipid-rich plaque in a mammal, which comprises administering an effective amount 
of the compound according to the above-mentioned (12), a salt thereof or a prodrug thereof to a mammal; 

(37) a method for regressing a lipid-rich plaque in a mammal, which comprises administering an effective amount 
of the compound according to the above-mentioned (18), a salt thereof or a prodrug thereof to a mammal; 

10 (38) a use of the compound according to the above-mentioned (1 ) or a salt thereof for producing a lipid-rich plaque 

regressing agent; 

(39) a use of the compound according to the above-mentioned (1) or a salt thereof for producing a prophylactic 
and therapeutic agent against acute coronary artery syndrome; 

(40) a use of the compound according to the above-mentioned (1) or a salt thereof for producing a prophylactic 
15 and therapeutic agent against acute myocardial infarction; 

(41) a use of the compound according to the above-mentioned (1) or a salt thereof for producing a prophylactic 
and therapeutic agent against unstable angina; 

(42) a use of the compound according to the above-mentioned (1) or a salt thereof for producing a prophylactic 
and therapeutic agent against peripheral artery occlusion; 

20 (43) a use of the compound according to the above-mentioned (1 2), a salt thereof or a prodrug thereof for producing 

a lipid-rich plaque regressing agent; 

(44) a use of the compound according to the above-mentioned (18), a salt thereof or a prodrug thereof for producing 
a lipid-rich plaque regressing agent, and the like. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0009] In Formula [I] shown above, a cyclic hydrocarbon in an optionally substituted cyclic hydrocarbon represented 
by ring A may, for example, be a C 3 . 10 saturated hydrocarbon ring (e.g., cyclopropane ring, cyclobutane ring, cyclopen- 
tane ring, cyclohexane ring, cycloheptane ring and the like); C 5 . 8 unsaturated hydrocarbon ring (e.g., cyclopentene 
30 ring, cyclohexene ring, cycloheptene ring, benzene ring and the like). Among those listed above, a C 5 _ 7 saturated 
hydrocarbon ring (e.g., cyclopentane ring, cyclohexane ring and the like), C 5 _q unsaturated hydrocarbon ring (e.g., 
cyclopentene ring, cyclohexene ring, benzene ring and the like) are preferred, with a benzene ring being especially 
preferred. 

[0010] A substituent in an optionally substituted cyclic hydrocarbon described above may for example be: 

35 

(i) an optionally halogenated alkyl group (for example, methyl, chloromethyl, difluoromethyl, trichloromethyl, 
trifluoromethyl, ethyl, 2-bromoethyl, 2,2,2-trifluoroethyl, propyl, isopropyl, 3,3,3-trifluoropropyl, butyl and the like); 

(ii) a alkyl group substituted by an amino group (for example, aminomethyl, 2-aminoethyl and the like); 

(iii) a alkyl group substituted by a mono- or di-C^ alkylamino group (for example, methylaminomethyl, dimeth- 
40 ylaminomethyl, 2-methylaminoethyl, 2-dimethylaminoethyl and the like); 

(iv) a alkyl group substituted by a carboxyl group (for example, carboxy methyl, carboxyethyl and the like); 

(v) a alkyl group substituted by a C-,^ alkoxy-carbonyl group (for example, methoxycarbonylethyl, ethoxycar- 
bonylethyl and the like); 

(vi) aC M alkyl group substituted by a hydroxyl group (for example, hydroxymethyl, hydroxyethyl and the like); 
45 (vii) a alkyl group substituted by a alkoxy group which may be substituted by a alkoxy group or 

phenoxy group (for example, methoxy methyl, methoxyethyl, ethoxyethyl and the like); 

(viii) a C 3 ^ cycloalkyl group (for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like); 

(ix) a halogen atom (for example, fluorine, chlorine, bromine, iodine and the like); 

(x) a nitro group; 
50 (xi) a cyano group; 

(xii) a hydroxyl group; 

(xiii) a alkoxy group which may be substituted by an optionally halogenated C^ alkoxy group (for example, 
methoxy, difluoromethoxy, trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propyloxy, butoxy, isopropyloxy and the 
like), alkoxy group or phenoxy group; 

55 (xiv) a C 1-4 alkylthio group which may be substituted by an optionally halogenated alkylthio group (for example, 

methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, butylthio and the like), C 1-4 
alkoxy group or phenoxy group; 
(xv) an amino group: 
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(xvi) a mono- or di-C^ alkylamino group (for example, methylamino, ethylamino, propylamino, dimethylamino, 
diethylamino and the like); 

(xvii) a cyclic amino group (for example, a 5- to 9-membered cyclic amino group which may contain 1 to 3 heter- 
oatoms such as oxygen and sulfur atoms in addition to nitrogen atoms, specifically, pyrrolidinyl, piperidinyl, piper- 
azinyl, morpholinyl and the like); 

(xviii) a C 1-4 alkyl-carbonylamino group (for example, acetylamino, propionylamino, butyrylamino and the like); 

(xix) an aminocarbonyloxy group; 

(xx) a mono- or di-C^ alkylamino-carbonyloxy group (for example, methylaminocarbonyloxy, ethylaminocarbo- 
nyloxy, di methylaminocarbonyloxy, diethylaminocarbonyloxy and the like) ; 

(xxi) a alkylsulfonylamino group (for example, methylsulfonylamino, ethylsulfonylamino, propylsulfonylamino 
and the like); 

(xxii) a C 1-4 alkoxy-carbonyl group (for example, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isobutoxy- 
carbonyl and the like); 

(xxiii) a benzyloxycarbonyl group; 

(xxiv) a carboxyl group; 

(xxv) a alkyl-carbonyl group (for example, methylcarbonyl, ethylcarbonyl, butylcarbonyl and the like) ; 

(xxvi) a C 3 . 6 cycloalkyl-carbonyl (for example, cyclohexylcarbonyl and the like); 

(xxvii) a carbamoyl group; 

(xxviii) a mono- ordi-C^ alkylcarbamoyl group (for example, methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl, 
butylcarbamoyl, diethylcarbamoyl, dibutylcarbamoyl and the like), 

(xxix) a C^ 6 alkylsulfonyl group (for example, methylsulfonyl, ethylsulfonyl, propylsulfonyl and the like) ; 

(xxx) a C A _ G alkyl group substituted by [1] alkyl (e.g., methyl), [2] alkylsulfonyl (e.g., methylsulfonyl), [3], 
a C 6 . 12 aryl group which may have optionally halogenated alkyl (e.g., methyl, trifluoromethyl), halogen (e.g., 
fluorine, chlorine) or a hydroxyl group (for example, phenyl, naphthyl, hydroxyphenyl, methylphenyl, chlorophenyl 
and the like), [4] C 7 . 15 aralkyl (for example, benzyl), [5] alkoxy-C^ alkyl (for example, propoxyethyl and the 
like), [6] a 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms such as nitrogen, oxygen and 
sulfur atoms in addition to carbon atoms (for example, piperidinyl, piperazinyl, morpholinyl, thienyl, furyl, pyridyl, 
pyrimidinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisoxazolyl and the like), [7] a cyclic 
amino group substituted by one or two substituents selected from hydroxyl, thiol, oxo, thioxo and the like (for 
example, a 5- to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur 
atoms in addition to nitrogen atoms, specifically, pyrrolidinyl, piperidinyl, piperazinyl, 3,6-dihydropyridin-1(2H)-yl, 
[1,3]thiazolo[4,5-b]pyridin-3(2H)-yl, morpholinyl), (for example, morpholinomethyl, 4-phenyl-1-piperazinylmethyl, 
2-morpholinoethyl,3-piperazinylpropyl,4-methylsulfonyl-piperazinylmethyl,4-benzyl-1-piperazinylmethyl,4-(4-hy- 
droxyphenyl)-1-piperazinylmethyl, 4-hydroxypiperidinylmethyl, 4-hydroxy-4-phenylpiperidinylmethyl, 4-phenyl- 
piperidinylmethyl, 4-(2-pyridyl)-1-piperazinylmethyl, 4-(4-hydroxyphenyl)-1-piperazinylmethyl, (4-phenyl-3,6-dihy- 
dropyridin-1(2H)-yl)methyl and the like); 

(xxxi) a alkyl group substituted by a C^g alkyl-carbonyloxy group (for example, methylcarbonyloxy, ethylcar- 
bonyloxy, butylcarbonyloxy and the like); 

(xxxii) aC M alkyl group substituted by an amino group substituted by a 5- to 9-membered heterocyclic group 
which contains 1 to 3 heteroatoms such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for 
example, thienyl, furyl, pyridyl, pyrimidinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisox- 
azolyl and the like) (e.g., methyl(2-pyridyl)amino); 

(xxxiii) a alkyl group substituted by an amino group substituted by C,^ alkyl and alkyl-carbonyl (e.g., 
methyl(methylcarbonyl)amino) ; 

(xxxiv) a alkyl group substituted by an amino group substituted by alkyl and C 6 . 12 aryl-carbonyl (e.g., 
methyl(benzoyl)amino) ; 

(xxxv) a alkyl group substituted by a alkyl-carbonyloxy group (for example, methylcarbonyloxy, ethylcar- 
bonyloxy, butylcarbonyloxy and the like) ; 

(xxxvi) a alkyl group substituted by a mono- or di-C^ alkoxy-C^-alkyl-amino group (e.g., butoxypropylami- 
no); 

(xxxvii) a alkyl group substituted by a 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms 
such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for example, thienyl, furyl, pyridyl, pyri- 
midinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisoxazolyl and the like)-thio group (e.g., 
2-pyridylthio); 

(xxxviii) an oxo group; 

(xxxix) a alkoxy-carbonyl C^alkenyl group (e.g., methoxycarbonylvinyl and the like); 

(xxxx) a C 2 -6 alkenyl group substituted by a carboxyl group (e.g., carboxyvinyl and the like); 

(xxxxi) a C<]_4 alkyl group substituted by a cyano group (e.g., cyanomethyl), and "an optionally substituted hetero- 
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cyclic group" described below itself may also be employed as a substituent on said cyclic hydrocarbon. The same 
or difference 1 to 5, preferably 1 to 3 of these substituents may be in any substitutable positions. 

[0011] Among those listed above, preferred substituents are (i) a halogen atom (for example, fluorine, chlorine, bro- 
mine and the like), (ii) an optionally halogenated C 1-4 alkyl group (for example, methyl, chloromethyl, difluoromethyl, 
trifluoromethyl, ethyl, propyl, isopropyl and the like), (iii) a C 3 _q cycloalkyl group (for example, cyclopropyl, cyclobutyl 
and the like), (iv) a hydroxyl group, (v) an optionally halogenated alkoxyl group (for example, methoxy, difluor- 
omethoxy, trifluoromethoxy, ethoxy and the like), (vi) an optionally halogenated alkylthio group (for example, meth- 
yithio, trifluorothio, ethylthio and the like), (vii) an amino group, (viii) a mono- or di-C 1-4 alkylamino group (for example, 
methylamino, ethylamino, dimethylamino, diethylamino and the like), (ix) a alkoxy-carbonyl group (for example, 
methoxycarbonyl, ethoxycarbonyl and the like), (x) aC u alkyl group substituted by a cyclic amino group (for example, 
a 5- to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in 
addition to nitrogen atoms, specifically, pyrrolidinyl, piperidinyl, morpholinyl and the like) which may be substituted by 
a C 6 . 12 aryl group (for example, phenyl, naphthyl and the like), (for example, morpholinomethyl, 4-phenyl-1-piperazi- 
nylmethyl, 2-morpholinoethyl, 3-piperazinylpropyl and the like) and (xi) a carboxyl group and the like, with (i) a halogen 
atom (for example, fluoro, chloro and the like), (ii) a alkyl (for example, methyl, ethyl and the like), (iii) a C 3 _q 
cycloalkyl group (for example, cyclopropyl, cyclobutyl and the like), (iv) a hydroxyl group, (v) a C-,^ aikoxy group (for 
example, methoxy, ethoxy and the like), (vi) a C^, 6 alkyl group substituted by a cyclic amino group (for example, a 5- 
to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in addition 
to nitrogen atoms, specifically, pyrrolidinyl, piperidinyl, piperazinyl, 3,6-dihydropyridin-1(2H)-yl, morpholinyl and the 
like) which may be substituted by a C 6 . 12 aryl group (for example, phenyl, naphthyl and the like), (for example, mor- 
pholinomethyl, 4-phenyl-1-piperazinylmethyl, 2-morpholinoethyl, (4-phenyl-3,6-dihydropyridin-1(2H)-ylmethyl), 3-pip- 
erazinylpropyl and the like) and (vii) a carboxyl group being especially preferred. 

[0012] In Formula [I] shown above, a heterocyclic ring in an optionally substituted heterocyclic group represented 
by ring A may, for example, be a 5- to 9-membered, preferably 5- or 6-membered aromatic heterocyclic ring having 1 
to 4, preferably 1 to 2 heteroatoms such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms. 
[0013] Such an aromatic heterocyclic group may, for example, be an aromatic monocyclic heterocyclic ring such as 
furan ring, thiophene ring, pyrrole ring, oxazoline ring, isoxazoline ring, thiazoline ring, isothiazoline ring, imidazole 
ring, pyrazole ring, 1 ,2,3-oxadiazole ring, 1,2,4-oxadiazole ring, 1,3,4-oxadiazole ring, 1 ,2,5-oxadiazole ring, 1,2,3-thi- 
adiazole ring, 1 ,2,4-thiadiazole ring, 1 ,3,4-thiadiazole ring, 1 ,2,3-triazole ring, 1 ,2,4-triazole ring, tetrazole ring, pyridine 
ring, pyridazine ring, pyrimidine ring, pyrazine ring, triazine ring and the like. Among those listed above, furan ring, 
thiophene ring, pyrrole ring, oxazole ring, isoxazole ring, imidazole ring, pyrazole ring, 1 ,2,3-thiadiazole ring, 1 ,2,4-tri- 
azole ring, tetrazole ring, pyridine ring, pyridazine ring, thiazole ring and thiadiazoline ring are preferred, with furan 
ring, thiophene ring and pyridine ring being especially preferred. 

[0014] A substituent which may be possessed by an optionally substituted heterocyclic group described above may, 
for example, be (i) an optionally halogenated alkyl group (for example, methyl, chloromethyl, difluoromethyl, trichlo- 
romethyl, trifluoromethyl, ethyl, 2,2-dibromoethyl, 2,2,2-trifluoroethyl, propyl, isopropyl, 3,3,3-trifluoropropyl, butyl and 
the like); (ii) a C3_q cycloalkyl group (for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like); (iii) a 
halogen atom (for example, fluorine, chlorine, bromine, iodine and the like); (iv) a nitro group; (v) a cyano group; (vi) 
a hydroxyl group; (vii) an optionally halogenated aikoxy group (for example, methoxy, fluoromethoxy, difluorometh- 
oxy, trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propyloxy, butyloxy, isopropyloxy and the like); (viii) an optionally 
halogenated alkylthio group (for example, methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, 
isopropylthio, butylthio and the like); (ix) an amino group; (x) a mono- or di-C 1 ^ alkylamino group (for example, meth- 
ylamino, ethylamino, propylamino, dimethylamino, diethylamino and the like); (xi) a cyclic amino group [for example, 
a 5- to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in 
addition to nitrogen atoms (for example, pyrrolidino, piperidino, morpholino and the like) and the like]; (xii) a alkyl- 
carbonylamino group (for example, acetylamino, propionylamino, butyrylamino and the like); (xiii) an aminocarbonyloxy 
group; (xiv) a mono- or di-C^ alkylaminocarbonyloxy group (for example, methylaminocarbonyloxy, ethylaminocarb- 
onyloxy, dimethylaminocarbonyloxy, diethylaminocarbonyloxy and the like); (xv) a C<j_4 alkylsulfonylamino group (for 
example, methylsulfonylamino, ethylsulfonylamino, propylsulfonylamino and the like); (xvi) a alkoxycarbonyl group 
(for example, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isobutoxycarbonyl and the like); (xvii) a carboxyl 
group; (xviii) a alkylcarbonyl group (for example, methylcarbonyl, ethylcarbonyl, butylcarbonyl and the like); (xix) 
a C 3 ^ cycloalkylcarbonyl group (for example, cyclohexylcarbonyl and the like), (xx) a carbamoyl group; (xxi) a mono- 
or di-C^ alkylcarbamoyl group (for example, methylcarbamoyl, ehtylcarbamoyl, propylcarbamoyl, butylcarbamoyl, 
diethylcarbamoyl, dibutyfcarbamoyl and the like); (xxii) a C^g alkylsulfonyl group (for example, methylsulfonyl, ethyl- 
sulfonyi, propylsulfonyl and the like); (xxiii) a C 3 _q cycloalkylsulfonyl (for example, cyclopentylsulfonyl, cyclohexylsul- 
fonyl and the like), (xxiv) a C 6 . 10 aryl group (for example, phenyl, naphthyl and the like); (xxv) phenoxy, benzoyl, phe- 
noxycarbonyl, phenyl-C 1-4 alkylcarbamoyl, phenylcarbamoyl, phenyl-C^ alkyl-carbonylamino, benzoylamino, phe- 
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nyl-C^ alkylsulfonyl, phenylsulfonyl, phenyl-C^ alkylsulfinyl, phenyl-C^ alkylsulfonylamino or phenylsulfonylamino 
group [each phenyl group or naphtyl group may have in its any substitutable positions 1 to 3 substituents such as C 1-4 
alkyl group (for example, methyl, ethyl, propyl, butyl, isopropyl and the like), alkoxy group (for example, methoxy, 
ethoxy, n-propyloxy, i-propyloxy, n-butyloxy and the like), halogen atom (for example, chloro, bromo, iodo and the like), 
5 hydroxyl group, benzyloxy group, amino group, mono- or di-C^ alkylamino group (for example, methylamino, dirneth- 
ylamino, ethylamino, diethylamino, diisopropylamino and the like), nitro group, C 1-6 alkylcarbonyl group (for example, 
1-oxoethyl, 1-oxopropyl, 1-oxobutyl and the like) and the like]. The same or different 1 to 5, preferably 1 to 3 of these 
substituents may be in any substitutable positions. 

[0015] Among those listed above, preferred substituents are (i) a halogen atom (for example, fluorine, chlorine, bro- 

10 mine and the like), (ii) an optionally halogenated alkyl group (for example, methyl, chloromethyl, difluoromethyl, 
trifluoromethyl, ethyl, propyl, isopropyl and the like), (in) a C 3 _q cycloalkyl group (for example, cyclopropyl, cyclobutyl 
and the like), (iv) a hydroxyl group, (v) an optionally halogenated alkoxyl group (for example, methoxy, difluor- 
omethoxy, trifluoro methoxy, ethoxy and the like), (vi) an optionally halogenated C 1-4 alkylthio group (for example, meth- 
ylthio, trifluoromethylthio, ethylthio and the like), (vii) an amino group, (viii) a mono- or di-C,^ alkylamino group (for 

15 example, methylamino, ethylamino, dimethylamino, diethylamino and the like), (ix) 3 alkoxy-carbonyl group (for 
example, methoxycarbonyl, ethoxycarbonyl and the like) and (x) a carboxyl group and the like, with (i) a halogen atom 
(for example, fluoro, chloro and the like), (ii) a alkyl (for example, methyl, ethyl and the like), (iii) a C$^$ cycloalkyl 
group (for example, cyclopropyl, cyclobutyl and the like), (iv) a hydroxyl group, (v) a alkoxy group (for example, 
methoxy, ethoxy and the like) and (vi) a carboxyl group being especially preferred. 

20 [0016] In Formula [I] shown above, a 5- or 6-membered homocyclic ring represented by ring B may, for example, be 
a cyclopentane ring, cyclohexane ring, cyclopentene ring, cyclohexene ring, cyclopentadiene ring, cyclohexadiene 
ring, benzene ring and the like. Among those listed above, a cyclohexane ring, cyclohexene ring, cyclopentadiene ring 
and benzene ring are preferred, with a cyclohexane ring and cyclopentadiene ring being especially preferred. 
[0017] In Formula [I] shown above, a 5- or 6-membered heterocyclic ring represented by ring B may, for example, 

25 be a 5- or 6-membered heterocyclic ring which contains 1 to 3 heteroatoms such as nitrogen, oxygen and sulfur atoms 
instead of 1 to 3 carbon atoms in the cyclopentane ring or cyclohexane ring (e.g., pyrrolidine ring, pyrroline ring, imi- 
dazolidine ring, imidazoline ring, pyrazolidine ring, pyrazoline ring, piperidine ring, piperazine ring, morpholine ring, 
thiomorpholine ring, dihydrofuran ring, tetrahydrofuran ring, a-pyrane ring, y-pyrane ring, dihydropyrane ring, tetrahy- 
dropyrane ring, 1-thiacyclohexane ring, 1-thia-5-cyclohexene ring, 1-thia-3,5-cyclohexadiene ring and the like); a 5- or 

30 6-membered aromatic heterocyclic ring (e.g., furan ring, thiophene ring, pyrrole ring, oxazoline ring, isoxazoline ring, 
thiazoline ring, isothiazoline ring, imidazole ring, pyrazole ring, 1,2,3-oxadiazole ring, 1 ,2,4-oxadiazole ring, 1,3,4-ox- 
adiazole ring, 1,2,5-oxadiazole ring, 1 ,2,3-thiadiazole ring, 1,2,4-thiadiazole ring, 1 ,3,4-thiadiazole ring, 1,2,3-triazole 
ring, 1,2,4-triazole ring, tetrazole ring, pyridine ring, pyridazine ring, pyrimidine ring, pyrazine ring, triazine ring and the 
like). Among those listed above, a pyrrolidine ring, pyrroline ring, piperazine ring, morpholine ring, thiomorpholine ring, 

35 dihydrofuran ring, tetrahydrofuran ring, a-pyrane ring, y-pyrane ring, dihydropyrane ring, furan ring, thiophene ring, 
pyrrole ring, oxazoline ring, isoxazoline ring, thiazoline ring, isothiazoline ring, imidazole ring, pyrazole ring, 1,2,3-ox- 
adiazole ring, 1,2,4-oxadiazole ring, 1 ,3,4-oxadiazole ring, 1,2,5-oxadiazole ring, 1 ,2,3-thiadiazole ring, 1,2,4-thiadia- 
zole ring, 1,3,4-thiadiazole ring, 1,2,3-triazole ring, 1,2,4-triazole ring are preferred, with an a-pyrane ring and furan 
ring being especially preferred. 

40 [0018] When ring B has a further substituent in addition to -D-E-G-Ar-, then said substituent may, for example, be a 
group derivatized from an optionally substituted cyclic hydrocarbon or an optionally substituted heterocylic ring de- 
scribed above in addition to an oxo group and thioxo group. Among those listed above, (i) a group derived from a 
substituted cyclic hydrocarbon, (ii) an oxo group, (iii) a thioxo group are preferred, with an optionally substituted phenyl 
group, oxo group and thioxo group being especially preferred. A substituent which may be possessed by said phenyl 

^5 group has a meaning similar to the substituent in an optionally substituted cyclic hydrocarbon described above. 

[0019] A hydrocarbon group in an optionally substituted hydrocarbon group represented by R 1 , R 2 , R 2a , R 3 , R 4 and 
R 5 in Formula [I] described above may, for example, be an aliphatic linear (acyclic) hydrocarbon group, alicyclic hy- 
drocarbon group and aryl group, with an aliphatic linear hydrocarbon group being preferred. 

'[0020] An aliphatic linear hydrocarbon group in said hydrocarbon group may be a straight or branched aliphatic 
50 hydrocarbon group such as an alkyl group, alkenyl group, alkynyl group and the like. One preferred especially is a 
straight or branched alkyl group. Such an alkyl may, for example, be a C w alkyl such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, 1-methylpropyl, n-hexyl, isohexyl, 
1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 3,3-dimethylpropyl, 2-ethylbutyl, n-heptyl and the like, with a 
C 3 _ 5 a ,kvl such as n-propyl, isopropyl, isobutyl, neopentyl being preferred and isobutyl and neopentyl being especially 
55 preferred. Said alkenyl group may, for example, be a C 2 _6 alkenyl such as vinyl, allyl, isopropenyl, 2-methylallyl, 1-pro- 
penyl, 2-methyl-1-propenyl, 2-methyl-2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-ethyl-1-butenyl, 2-methyl-2-bute- 
nyl, 3-methyl-2-butenyl, 1-pentenyl, 2-pentenyl t 3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1-hexenyl, 2-hexenyl, 
3-hexenyl, 4-hexenyl, 5-hexenyl and the like, with vinyl, allyl, isopropenyl, 2-methylalllyl, 2-methyl-1-propenyl, 2-methyl- 
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2-propenyl and 3-methyl-2-butenyl being especially preferred. Said alkynyl group may, for example, be a alkynyl 
such as ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 

1- hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl and the like, with ethynyl, 1-propynyl and 2-propynyl being es- 
pecially preferred. 

[0021] An alicyclc hydrocarbon group in said hydrocarbon group may, for example, be a saturated or unsaturated 
alicyclic hydrocarbon group such as a cycloalkyl group, cycloalkenyl group, cycloalkadienyl group and the like. Such 
a cycloalkyl group is preferably a cycloalkyl group having 3 to 9 carbon atoms such as cyclopropyl, cyclobutyl, cy- 
clopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl and the like, with a Cj^ cycloalkyl group such as cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl being especially preferred. Said cycloalkenyl group may, for example, be a 
cycloalkenyl group such as 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 1-cy- 
clobuten-1-yl, 1-cyclopenten-1-yl and the like. Said cycloalkadienyl group may, for example, be a C 5 ^ cycloalkadienyl 
group such as 2,4-cyclopentadien-1-yl, 2,4-cyclohexadien-1-yl, 2,5-cyclohexadien-1-yl. 

[0022] An aryl group in said hydrocarbon group may, for example, be a monocyclic or fused polycyclic aromatic 
hydrocarbon group having 6 to 16 carbon atoms, such as phenyl, naphthyl, anthryl, phenanthryl, acenaphthylenyl and 
the like, with a C 6 . 10 aryl group such as phenyl, 1-naphtnyl and 2-naphthyl being especially preferred. 
[0023] When a hydrocarbon group described above has a substituent, the substituent may, for example, be an op- 
tionally substituted aryl group, optionally substituted cycloalkyl group or cycloalkenyl group, optionally substituted het- 
erocyclic group, optionally substituted amino group, optionally substituted hydroxyl group, optionally substituted thiol 
group, acyl group, halogen atom (e.g., fluorine, chlorine, bromine, iodine and the like), oxo group, carboxyl group, nitro 
group, cyano group, optionally substituted alkyl group and the like, and said hydrocarbon group may be substituted by 
1 to 5 (preferably 1 to 3) of these optional substituents in any substitutable positions. 

[0024] An aryl group in said optionally substituted aryl group may, for example, be a C 6 . 16 aryl group such as phenyl, 
naphthyl, anthryl, phenanthryl, acenaphthylenyl and the like, with a C 6 . 10 aryl group such as phenyl, 1 -naphthyl and 

2- naphthyl being especially preferred. A substituent on said aryl group may, for example, be (i) an optionally halogen- 
ated C^e alkoxy group (e.g., methoxy, ethoxy, propoxy, trifluoromethoxy and the like), (ii) a halogen atom (e.g., fluorine, 
chlorine, bromine, iodine), (iii) an optionally halogenated alkyl group (e.g., methyl, ethyl, propyl, trifluoro methyl 
and the like), and said aryl group may be substituted by 1 or 2 of these optional substituents. 

[0025] A cycloalkyl group in said optionally substituted cycloalkyl group may, for example, be a C 3 . 7 cycloalkyl group 
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. The substituents on said cycloalkyl 
group and the number of the substitutions may be similar to those in the optionally substituted aryl group described 
above. 

[0026] A cycloalkenyl group in said optionally substituted cycloalkenyl group may, for example, be a C 3 . 6 cycloalkenyl 
group such as cyclpropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl and the like. The substituents on said cycloalke- 
nyl group and the number of the substitutions may be similar to those in the optionally substituted aryl group described 
above. 

[0027] A heterocyclic group in said optionally substituted heterocyclic group may, for example, be an aromatic het- 
erocyclic group or a saturated or unsaturated non-aromatic heterocyclic group (aliphatic heterocyclic group), which 
contains at least 1 , preferably 1 to 4 heteroatoms of oxygen, sulfur and nitrogen as atoms forming the ring system (ring 
atoms), preferably an aromatic heterocyclic group. Said aromatic heterocyclic group may, for example, be a 5- to 
6-membered aromatic monocyclic heterocyclic group (e.g., furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl, isothi- 
azolyl, imidazolyl, pyrazolyl, 1 ,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1 ,2,3-thiadiazolyl, 
1,2,4-thiadiazolyl, 1 ,3,4-thiadiazolyl, 1 ,2,3-triazolyl, 1 ,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, 
triazinyl and the like) and an aromatic fused heterocyclic group formed by condensation of two or three 5- to 6-mem- 
bered rings (5-to 6-membered aromatic monocyclic heterocyclic ring described above, benzene ring) (e.g., benzofura- 
nyl, isobenzofuranyl, benzo[b]thienyl, indolyl, isoindolyl, 1H-indazolyl, benzimidazolyl, benzoxazolyl, 1 ,2-benzoisoxa- 
zolyl, benzothiazolyl, 1 ,2-benzoisothiazolyl, 1H-benzotriazolyl, quinolyl, isoquinolyl, cinnnolinyl, quinazolyl, quinoxali- 
nyl, phtharazinyl, naphthylidinyl, purinyl, puteririnyl, carbazolyl, ot-carbolinyl, p-carbolinyl, -y-carbolinyl, acridinyl, phe- 
noxazinyl, phenothiazinyl, phenazinyl, phenoxathiinyl, thianthrenyl, phenanthridinyl, phenanthrolinyl, indolidinyl, pyr- 
rolo[1,2-b]pyridazinyl, pyrazolo[1,5-a] pyridyl, imidazo[1,2-a]pyridyl, imidazo[1,5-a]pyridyl, imidazo[1,2-b]pyridazinyl, 
imidazo[1,2-a]pyrimidinyl, 1 ,2,4-triazolo[4,3-a]pyridyl, 1,2,4-triazolo[4,3-b]pyridazinyl and the like), with a 5-to 6-mem- 
bered aromatic monocyclic heterocyclic group such as furyl, thienyl, indolyl, isoindolyl, pyrazinyl, pyridyl and pyrimidinyl 
being preferred. Said non-aromatic heterocyclic group may, for example, be a 4- to 9-membered non-aromatic hete- 
rocyclic group such as oxylanyl, azethidinyl, oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl, thioranyl, piperidinyl, tet- 
rahydropyranyl, morpholinyl, thiomorpholinyl, piperazinyl and the like (especially, a 5- to 9-membered cyclic amino 
group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in addition to nitrogen atoms, specifically, 
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, 3,6-dihydropyridyl-1(2H)-yl and the like). Said heterocyclic group may 
have 1 to 4, preferably 1 to 2 substituents, and such substituents may, for example, be a C-,^ alkyl group (e.g., methyl, 
ethyl, propyl, n-butyl, n-hexyl and the like), C 6 . 12 aryl group (e.g., phenyl), hydroxy-Cg.^ aryl group (e.g., 4-hydrpxy- 
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phenyl), C 1-4 alkylsulfonyl group (e.g., methylsulfonyl), C 7 . 15 aralkyl group (e.g., benzyl), C 1-4 alkoxy-C-,^ alkyl group 
(for example, propoxyethyl and the like), a 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms 
such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for example, piperidinyl, piperazinyl, morpholi- 
nyl, thienyl, furyl, pyridyl, pyrimidinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisoxazolyl and 

5 the like), hyroxyl group, oxo group, thioxo group and the like. 

[0028] A substituent on said optionally substituted amino group (including amino group, mono- or di-substituted amino 
group) may, for example, be a lower (C^) alkyl (e.g., methyl, ethyl, propyl and the like), a 5- to 9-membered heterocyclic 
group which contains 1 to 3 heteroatoms such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for 
example, thienyl, furyl, pyridyl, pyrimidinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisoxazolyl 

10 and the like), C 1-4 alkyl-carbonyl group (e.g., methylcarbonyl, ethylcarbonyl and the like), C 6 . 12 aryl-carbonyl group (e. 
g., benzoyl and the like), alkyl-sulfonyl group, alkoxy-C^ alkyl group and the like. When the hydrocarbon 
group in an optionally substituted hydrocarbon group represented by R 1 is an alicyclic hydrocarbon group or aryl group, 
then the substituent may further be a alkyl group (e.g., methyl, ethyl, propyl, n-butyl, n-hexyl and the like). 
[0029] Said optionally substituted hydroxyl group may, for example, be a hydroxyl group, an optionally halogenated 

15 16 alkoxy group, preferably an optionally halogenated alkoxy group, more preferably a alkoxy group (for 

example, methoxy, ethoxy, propoxy, butoxy, t-butoxy and the like), alkyl-carbonyloxy group (for example, methyl- 
carbonyloxy, ethylcarbonyloxy, butylcarbonyloxy and the like), aminocarbonyloxy group, mono- or di-C^ alkylamino- 
carbonyloxy group and the like. 

[0030] Said optionally substituted thiol group may, for example, be a thiol group, an optionally halogenated C 1-16 
20 alkylthio group, preferably an optionally halogenated alkylthio group, more preferably a alkylthio group (for 
example, methylthio, ethylthio and the like), a 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms 
such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for example, thienyl, furyl, pyridyl, pyrimidinyl, 
thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisoxazolyl and the like)-thio group (e.g., 2-pyridylthio) 
and the like. 

25 [0031] Said acyl group may, for example, be a formyl group, alkyl-carbonyl group, preferably alkyl-carbonyl 
group (e.g., methylcarbonyl, ethylcarbonyl), alkoxycarbonyl group (e.g., mehtoxycarbonyl), alkyl-sulfonyl 
group, preferably a alkyl-sulfonyl group (e.g., methylsulfonyl, ethylsulfonyl), alkoxy-sulfonyl group (e.g., meth- 
oxysulfonyl), benzyloxycarbonyl group, C 3 . 6 cycloalkyl-carbonyl, carbamoyl group, mono- or di-C^ alkylcarbamoyl 
group and the like. 

30 [0032] More specifically, substituents on said hydrocarbon group are 1 to 4 substituents selected from halogen atoms; 
amino group; mono- or di-C^ alkylamino group; carboxyl group; C-,^ alkoxycarbonyl group; hydroxyl group; optionally 
halogenated alkoxy group; C 3 . 6 cycloalkyl group; nitro group; cyano group; optionally halogenated alkylthio 
group; cyclic amino group (for example, a 5- to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms 
such as oxygen and sulfur atoms in addition to nitrogen atoms, specifically, pyrrolidinyl, piperidinyl, piperazinyl, mor- 

35 pholinyl and the like); alkyl-carbonylamino group; aminocarbonyloxy group; mono- or di-C^ alkylaminocarbony- 
loxy group; alkylsulfonylamino group; alkoxy-carbonyl group; benzyloxycarbonyl group; carboxyl group; 
alkyl-carbonyl group; C 3 . 6 cycloalkylcarbonyl; carbamoyl group; mono- or di-C 1-4 alkylcarbamoyl group; alkylsul- 
fonyl group; alkyl group substituted by a cyclic amino group which is substituted by 1 to 2 groups selected from 
[1] C-,.4 alkyl, [2] alkylsulfonyl, [3] C 6 _ 12 aryl group which may have a hydroxyl group, [4] C 7 . 15 aralkyl group, [5] 

40 alkoxy-C^ alkyl, [6] 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms such as nitrogen, 

oxygen and sulfur atoms in addition to carbon atoms, [7] hydroxyl group (for example, a 5- to 9-membered cyclic amino 
group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in addition to nitrogen atoms, specifically, 
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl and the like); C 1-6 alkyl-carbonyloxy group; amino group substituted 
by a alkyl and a 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms such as nitrogen, oxygen 

45 and sulfur atoms in addition to carbon atoms; amino group substituted by a C,^ alkyl and a alkyl-carbonyl; amino 
group substituted by a alkyl and a C 6 . 12 aryl-carbonyl; alkyl-carbonyloxy group; mono- or di-C^ alkoxy-C^ 
alkyl-amino group; 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms such as nitrogen, oxygen 
and sulfur atoms in addition to carbon atoms-thio group; oxo group and the like. 

[0033] An optionally substituted hydroxyl group represented by R 1 , R 2 , R 2a and R 3 in Formula [I] described above 
50 may, for example, be (i) a hydroxyl group, (ii) a C-,^ alkoxy group (for example, methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, t-butoxy and the like), (iii) a C 6 . 10 aryloxy group (for example, phenyloxy, naphthyloxy and the like), (iv) 
alkyl-carbonyloxy group (for example, formyloxy, acetoxy, propionyloxy and the like), (v) a C 2 _6 alkanoyloxy group (for 
example, acetyloxy, propionyloxy, valeryloxy and the like) and (vi) a C 6 . 10 aryl-carbonyloxy group (for example, ben- 
zyloxy, naphthyloxy and the like), with hydroxyl group and C 1-4 alkoxy group (for example, methoxy, ethoxy, propoxy, 
55 isopropoxy and the like) being preferred. 

[0034] In Formula [I] shown above, an optionally substituted amino group represented by R 1 may, for example, be 
an amino group which may be substituted by 1 to 3 substituents selected from (t) a C,^ alkyl group (for example, 
methyl, ethyl, propyl, isopropyl and the like), (ii) a C 1-4 alkylcarbonyl group (for example, acetyl, propionyl, butyryl and 
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the like), (iii) a C 1 ^ alkoxy-carbonyl group (for exmaple, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl and the 
like), (iv) a halogen atom (for example, fluorine, chlorine and the like), (v) a phenyl group, (vi) a C,^ alkyl-phenyl group 
(for example, 4-methylphenyl, 3-methylphenyl, 2-methylphenyl and the like), (vii) a halogenated phenyl group (for ex- 
ample, 4-chlorophenyl, 3-chlorophenyl, 2-chlorophenyl and the like), and (viii) a alkoxy-phenyl group (for example, 
5 4-methoxyphenyl, 3-methoxyphenyl, 2-methoxyphenyl and the like), with an amino group and a mono- or di-C 1-4 
alkylamino group (for example, methylamino, ethylamino, propylamino, dimethylamino, diethylamino and the like) being 
especially preferred. 

[0035] In Formula [I] shown above, a mercapto group which may be substituted by an optionally substituted hydro- 
carbon group represented by R 3 may, for example, be a mercapto group which may be substituted by an optionally 

10 substituted hydrocarbon group similar to the optionally substituted hydrocarbon group described above, and among 
these a C-,^ alkylthio group (for example, methylthio, ethylthio, propylthio and the like) is especially preferred. 
[0036] In Formula [I] shown above, a C A _ 3 alkylene group in a alkylene group which may be substituted by an 
oxo group or thioxo group represented by D may, for example, be -CH 2 -, -CH 2 CH 2 -, -CH2CH2CH2- and -CH(CH 3 ) 
-CH 2 - and the like, with -CH 2 - and -CH 2 CH 2 - being preferred. 

15 [0037] Said alkylene group substituted by an oxo group or thioxo group may, for example, be -CO-, -CS-, 
-CH 2 CO-, -CH 2 CS-, -CH 2 CH 2 CO-, -CH 2 CH 2 CS- and the like. 

[0038] D is preferably (i) a C A _ 3 alkylene group which may be substituted by an oxo group, (ii) -NH-, (iii) -CH 2 NH-, 
and those preferred especially are -CH 2 -, -CH 2 CO-, -CH 2 CH 2 CO-, -NH-. 

[0039] In Formula [I] shown above, when D is taken together with a constituent atom of the ring B to form a 5- to 
20 7-membered ring which may be substituted by an oxo group or thioxo group, then a preferred example of said 5- to 
7-membered ring is a 5- to 7-membered saturated heterocyclic ring containing 1 to 3 nitrogen atoms which may be 
substituted by an oxo group or thioxo group where a constituent atom of the ring B adjacent to the constituent atom of 
the ring B to which D is attached is taken together, with a 5- or 6-membered saturated heterocyclic ring containing one 
nitrogen atom being especially preferred. 
25 [0040] A typical preferred example when D is taken together with a constituent atom of the ring B to form a 5- to 
7-membered ring which may be substituted by an oxo group or thioxo group is represented by Formula: 



30 



35 




wherein ring M a may be substituted by an oxo group or thioxo group; h is an integer of 3 to 5; other symbols are as 
defined above, preferably represented by Formula: 

40 



45 



50 




wherein ring M a ' may be substituted by an oxo group; other symbols are as defined above. 

[0041] A preferred example of E in Formula [I] shown above is -NR 4 '- (in which R 4 ' is a hydrogen atom or a alkyl 
55 such as methyl, ethyl, n-propyl, n-butyl, isopropyl, hexyl and the like, which may be substituted), -CONR 5 '- (in which 
R 5 ' is a hydrogen atom or a alkyl such as methyl, ethyl, n-propyl, n-butyl, isopropyl, hexyl and the like, which may 
be substituted). The substituent which may be possessed by said R 4 ' and R 5 ' may be similar to the substituent which 
may be possessed by an optionally substituted hydrocarbon group described above. More preferably, E is -CONR 5 - 
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(in which R 5 ' is a hydrogen atom or a C 1 _ 6 alkyl such as methyl, ethyl, n-propyl, n-butyl, isopropyl, hexyl and the like, 
which may be substituted). 

[0042] In Formula [I] shown above, when R 4 is taken together with a constituent atom of the ring B to form a 5- to 
7-membered ring which may be substituted by an oxo group or thioxo group, then a preferred example of said 5- to 
5 7-membered ring is a 5- to 7-membered saturated heterocyclic ring containing 2 to 4 nitrogen atoms which may be 
substituted by an oxo group or thioxo group where a constituent atom of the ring B adjacent to the constituent atom of 
the ring B to which R 4 is attached is taken together, with a 5- or 6-membered saturated heterocyclic ring containing 
two nitrogen atoms being especially preferred. 

[0043] A typical preferred example when R 4 is taken together with a constituent atom of the ring B to form a 5- to 
10 7-membered ring which may be substituted by an oxo group or thioxo group is represented by Formula: 



15 



20 




25 wherein ring M b may be substituted by an oxo group or thioxo group; i is an integer of 1 to 3; provided that the total 
number of carbon atoms in the constituent atoms of D and -(CH 2 )i- is 2 to 4; and other symbols are as defined above, 
preferably represented by Formula: 



30 



35 




wherein D a and E a are -CH 2 - or -CO-; and other symbols are as defined above. 
40 [0044] In Formula [I] shown above, a alkylene group represented by G may, for example, be methylene, ethylene, 
propylene and the like. 

[0045] Preferred examples of D, E and G are the combinations in which (i) D is -CO-, E is -NR 4 - (in which R 4 is as 
defined above), G is -CH 2 - or -CH 2 CH 2 -; (ii) D is -CO-, E is -NR 4 - (in which R 4 is as defined above), G is a bond; (iii) 
D is -CH 2 CO- or -CH 2 CH 2 CO-, E is -NR 4 - (in which R 4 is as defined above), G is a bond; (iv) D is -CH2CO- or 
45 -CH 2 CH 2 CO-, E is -NR 4 - (in which R 4 is as defined above), G is -CH 2 - or -CH 2 CH 2 -; (v) D is -CH 2 - or -CH 2 CH 2 -, E is 
-O-, G is -CH 2 - or -CH 2 CH 2 -; (vi) D is -CH2- or -CH 2 CH 2 -, E is -NR 4 - (in which R 4 is as defined above), G is -CH2- or 
-CH 2 CH 2 -; (vii) D is -NH-, E is -COR 5 - (in which R 5 is as defined above), G is a bond and (viii) D is -CH 2 - or -CH 2 CH 2 -, 
E is -S- or -SO-, G is -CH 2 - or -CH 2 CH 2 -. 

[0046] In Formula [I] shown above, Ar represents an optionally substituted aryl group or optionally substituted het- 
50 erocyclic group. An aryl group in an optionally substituted aryl group represented by Ar is preferably a C 6 . 10 aryl group 
such as phenyl and naphthyl, with a phenyl group being especially preferred. Such an aryl group represented by Ar 
may contain 1 to 5, preferably 1 to 3 same or different substituents. The substitution may occur in any position in the 
ring. Such a substituent may, for example, be (i) an optionally halogenated C^ alkyl group (for example, methyl, 
chloromethyl, difluoromethyl, trichloromethyl, trifluoromethyl, ethyl, 2-bromoethyl, 2,2,2-trifluoroethyl, propyl, isopropyl, 
55 3,3,3-trifluoropropyl, butyl and the like), (ii) a C^ alkyl substituted by an amino group (for example, aminomethyl, 
2-aminoethyl and the like), (iii) a C 1 ^ 4 alkyl group substituted by a mono- or di-C 1-4 alkylamino group (for example, 
methylaminomethyl, dimethylaminomethyl, 2-methylaminoethyl, 2-dimethylaminoethyl and the like), (iv) a C^ alkyl 
group substituted by a carboxyl group (for example, carboxymethyl, carboxyethyl and the like), (v) a alkyl group 
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substituted by a alkoxycarbonyl group (for example, methoxycarbonylethyl, ethoxycarbonylethyl and the like), (vi) 
a alkyl group substituted by a hydroxy group (for example, hydroxymethyl, hydroxyethyl and the like), (vii) a C 1-4 
alkyl group substituted by a C 1-4 alkoxycarbonyl group (for example, methoxymethyl, methoxyethyl, ethoxyethyl and 
the like), (viii) a C 3 ^ cycloalkyl group (for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like), (ix) a 
halogen atom (for example, fluorine, chlorine, bromine, iodine and the like), (x) a nitro group, (xi) a cyano group, (xii) 
a hydroxyl group, (xiii) an optionally halogenated C 1-4 alkoxy group (for example, methoxy, difiuoromethoxy, trifluor- 
omethoxy, ethoxy, 2,2,2-trifluoroethoxy, propyloxy, butoxy, isopropyloxy and the like), (xiv) an optionally halogenated 
c i-4 alkylthio group (for example, methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, 
butylthio and the like), (xv) an amino group, (xvi) a mono- or di-C^ alkylamino group (for example, methylamino, 
ethylamino, propylamine, dimethylamino, diethylamino and the like), (xvii) a cyclic amino group (for example, 5- to 
9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in addition 
to nitrogen atoms, specifically, pyrrolidino, pyperidino, morpholino and the like); (xviii) a alkyl-carbonylamino group 
(for example, acetylamino, propionylamino, butyrylamino and the like), (xix) an aminocarbonyloxy group, (xx) a mono- 
or di-C^ alkylaminocarbonyloxy group (for example, methylaminocarbonyloxy, ethylaminocarbonyloxy, dimethylami- 
nocarbonyloxy, diethylaminocarbonyloxy and the like), (xxi) a alkylsulfonylamino group (for example, methylsul- 
fonylamino, ethylsulfonylamino, propylsulfomylamino and the like), (xxii) a alkoxycarbonyl group (for example, 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isobutoxycarbonyl and the like), (xxiii) a benzyloxycarbonyl group, 
(xxiv) a carboxyl group, (xxv) a C^_ 6 alkyl-carbonyl group (for example, methylcarbonyl, ethylcarbonyl, butylcarbonyl 
and the like), (xxvi) a C 3 ^ cycloalkyl-carbonyl (for example, cyclohexylcarbonyl and the like), (xxvii) a carbamoyl group, 
(xxviii) a mono- or di-C^ alkyicarbamoyl group (for example, methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl, 
butylcarbamoyl, diethylcarbamoyl, dibutylcarbamoyl and the like) and (xxix) a C^g alkylsulfonyl group (for example, 
methylsulfonyl, ethylsulfonyl, propylsulfonyl and the like), as well as an optionally substituted heterocyclic group rep- 
resented by Ar described below which may itself be employed as a substituent on the aryl group. Such an optionally 
substituted heterocyclic group may, for example, be a 5- or 6-membered aromatic monocyclic heterocyclic group (for 
example, furyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadi- 
azolyl, 1,3,4-oxadiazolyl, furazanyl, 1 ,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-tria- 
zolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl and the like) which may be substituted by 1 to 3 
substituents selected from (i) an optionally halogenated alkyl group (for example, methyl, chloromethyl, difluor- 
omethyl, trichloromethyl, trifluoromethyl, ethyl, 2-buromoethyl, 2,2,2-trifluoroethyl, propyl, isopropyl, 3,3,3-trifluoropro- 
pyl, butyl and the like), (ii) a C 3 _q cycloalkyl group (for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 
the like), (iii) a halogen atom (e.g., fluorine, chlorine, bromine, iodine and the like), (iv) a hydroxyl group, (v) an optionally 
halogenated alkoxy group (for example, methoxy, difiuoromethoxy, trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, 
propyloxy, butyloxy, isopropyloxy and the like, (vi) an optionally halogenated alkylthio group (for example, meth- 
ylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, butylthio and the like), (vii) an amino 
group, (viii) a mono- or di-C 1-4 alkylamino group (for example, methylamino, ethylamino, propylamino, dimethylamino, 
diethylamino and the like), (ix) a alkoxy-carbonyl group (for example, methoxycarbonyl, ethoxycarbonyl, propox- 
ycarbonyl, isobutoxycarbonyl and the like), (x) a carboxyl group and a C A , 6 alkyl-carbonyl group (for example, meth- 
ylcarbonyl, ethylcarbonyl, butylcarbonyl and the like). 

[0047] Preferred among the substituents listed above are (i) an optionally halogenated alkyl group (for example, 
methyl, chloromethyl, difluoromethyl, trichloromethyl, trifluoromethyl, ethyl, 2-bromoethyl, 2,2,2-trifluoroethyl, propyl, 
isopropyl, 3,3,3-trifluoropropyl and the like), (ii) a halogen atom (for example, fluorine, chlorine, bromine and the like), 
(iii) a nitro group, (iv) a hydroxyl group, (v) an optionally halogenated alkoxy group (for example, methoxy, difiuor- 
omethoxy, trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy and the like), (vi) an amino group, (vii) a C,^ alkyl group 
substituted by a mono- or di-C 1-4 alkylamino group (for example, methylaminomethyl, dimethylaminomethyl, 2-meth- 
ylaminoethyl, 2-dimethylaminoethyl and the like), (viii) a mono- or di-C^ alkylamino group (for example, methylamino, 
ethylamino, dimethylamino, diethylamino and the like), (ix) a alkoxy-carbonyl group (for example, methoxycarb- 
onyl, ethoxycarbonyl and the like), (x) a carboxyl group and (xi) a carbamoyl group, with an optionally halogenated 
alkyl group (for example, methyl, chloromethyl, difluoromethyl, trichloromethyl, trifluoromethyl, ethyl, 2-bromoethyl, 
propyl, isopropyl and the like), a halogen atom (for example, fluorine, chlorine, bromine and the like) and an optionally 
halogenated alkoxy group (for example, methoxy, trifluoromethoxy, ethoxy, propoxy and the like) being especially 
preferred. 

[0048] In Formula [I] shown above, a heterocyclic group in an optionally substituted heterocyclic group represented 
by Ar may, for example, be a 5- to 9-membered, preferably 5- or 6-membered aromatic heterocyclic group having 1 to 
4, preferably 1 to 2 heteroatoms such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms. 
[0049] Such an aromatic heterocyclic group may, for example, be an aromatic monocyclic heterocyclic group such 
as furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-ox- 
adiazolyl, 1 ,3,4-oxadiazolyl, furazanyl, 1 ,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-tri- 
azolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl and the like, or an aromatic fused heterocyclic 
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group such as benzofuranyl, isobenzofuranyl, benzo[b]thienyl, indotyl, isoindolyl, 1 H-indazolyl, benzimidazolyl, ben- 
zoxazolyl, 1,2-benzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl, 1H-benzotriazolyl, quinolyl, isoquinofyl, cinnno- 
linyl, quinazolyl, quinoxalinyl, phtharazinyl, naphthylidinyl, purinyl, puteririnyl, carbazolyl, a-carbolinyl, p-carbolinyl, y- 
carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl, phenazinyl, phenoxathiinyl, thianthrenyl, phenanthridinyl, phenan- 
throlinyl, indolidinyl, pyrrolo[1,2-b]pyridazinyl, pyrazolo[1 ,5-a]pyridyl, imidazo[1,2-a]pyridyl, imidazo[1,5-a]pyridyl, imi- 
dazo[1,2-b]pyridazinyl, imidazo[1 ,2-a]pyrimidinyl, 1,2,4-triazolo[4,3-a]pyridyl, 1,2,4-triazolo[4,3-b]pyridazinyl and the 
like. 

[0050] Among the heterocyclic groups described above, a 5- or 6-membered heterocyclic group is preferred, and 
those employed preferably are furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl, imidazolyl, pyrazolyl, pyridyl, pyrimidinyl, 
pyridazinyl, quinolyl, isoquinolyl, thiazolyl, thiadiazolyl, thiophenyl and the like. Furyl, thienyl and pyridyl are especially 
preferred. 

[0051] A substituent which may be possessed by an optionally substituted heterocyclic group represented by Ar may, 
for example, be (i) an optionally halogenated C 1-4 alkyl group (for example, methyl, chloromethyl, difluoromethyl, trichlo- 
romethyl, trifluoromethyl, ethyl, 2,2-dibromoethyl, 2,2,2-trifluoroethyl, propyl, isopropyl, 3,3,3-trifluoropropyl, butyl and 
the like), (ii) a C 3 _g cycloalkyl group (for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like), (iii) a 
halogen atom (for example, fluorine, chlorine, bromine, iodine and the like), (iv) a nitro group, (v) a cyano group, (vi) 
a hydroxyl group, (vii) an optionally halogenated alkoxy group (for example, methoxy, fluoromethoxy, difluorometh- 
oxy, trifiuoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propyioxy, butyloxy, isopropyloxy and the like), (viii) an optionally 
halogenated C-,^ alkylthio group (for example, methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, 
isopropylthio, butylthio and the like), (ix) an amino group, (x) a mono- or di-C^ alkylamino group (for example, meth- 
ylamino, ethylamino, propylamino, dimethylamino, diethylamino and the like), (xi) a cyclic amino group (for example, 
a 5- to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms in 
addition to nitrogen atoms, specifically, pyrrolidino, piperidino, morpholino and the like), (xii) a alkyl-carbonylamino 
group (for example, acetylamino, propionylamino, butyrylamino and the like), (xiii) an aminocarbonyloxy group, a mono- 
or di-C^ alkylaminocarbonyloxy group (for example, methylaminocarbonyloxy, ethylaminocarbonyloxy, dimethylami- 
nocarbonyloxy, diethylaminocarbonyloxy and the like), (xiv) a alkylsulfonylamino group (for example, methylsul- 
fonylamino, ethylsulfonylamino, propylsulfonylamino and the like), (xv) a C-j_4 alkoxycarbonyl group (for example, meth- 
oxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isobutoxycarbonyl and the like), (xvi) a carboxyl group, (xvii) a C 1-6 
alkyl-carbonyl group (for example, methylcarbonyl, ethylcarbonyl, butylcarbonyl and the like), (xviii) a C 3 _ 6 cycloalkyl- 
carbonyl group (for example, cyclohexylcarbonyl and the like), (xix) a carbamoyl group, a mono- or di-C^ alkylcar- 
bamoyl group (for example, methylcarbamoyl, ehtylcarbamoyl, propylcarbamoyl, butylcarbamoyl, diethylcarbamoyl, 
dibutylcarbamoyl and the like), (xx) a C 1-6 alkylsulfonyl group (for example, methylsulfonyl, ethylsulfonyl, propylsulfonyl 
and the like), (xxi) a C 3 _ 6 cycloalkylsulfonyl (for example, cyclopentylsulfonyl, cyclohexylsulfonyl and the like), (xxii) a 
phenyl, naphthyl, phenoxy, benzoyl, phenoxycarbonyl, phenyl-C^ alkylcarbamoyl, phenylcarbamoyl, phenyl-C^ 
alkyl-carbonylamino, benzoylamino, phenyl-C^ alkylsulfonyl, phenylsulfonyl, phenyl-C-,^ alkylsulfinyl, phenyl-C^ 
alkylsulfonylamino or phenylsuofonylamino and the like, whose phenyl or naphthyl group may be substituted by 1 to 
3 substituents selected from alkyl group such as methyl, ethyl, propyl, butyl and isopropyl, alkoxy group such 
as methoxy, ethoxy, n-propyloxy, i-propyloxy and n-butyloxy, halogen atom such as chloro, bromo and iodo, hydroxyl 
group, benzyloxy group, amino group, mono- or di-C^ alkylamino group, nitro group, C A _ 6 alkylcarbonyl group and 
the like. 

[0052] Among those listed above, preferred substituents may, for example, be (i) a halogen atom (for example, 
fluorine, chlorine, bromine and the like), (ii) an optionally halogenated C-,^ alkyl group (for example, methyl, chlorome- 
thyl, difluoromethyl, trifluoromethyl, ethyl, propyl, isopropyl and the like), (iii) a C 3 . 6 cycloalkyl group (for example, 
cyclopropyl, cyclobutyl and the like), (iv) a hydroxyl group, (v) an optionally halogenated alkoxyl group (for example, 
methoxy, difluoromethoxy, trifiuoromethoxy, ethoxy and the like), (vi) an optionally halogenated alkylthio group 
(for example, methylthio, trifluorothio, ethylthio and the like), (vii) an amino group, (viii) a mono- or di-C^ alkylamino 
group (for example, methylamino, ethylamino, dimethylamino, diethylamino and the like), (ix) a alkoxy-carbonyl 
group (for example, methoxycarbonyl, ethoxycarbonyl and the like) and (x) a carboxyl group and the like, with a halogen 
atom (for example, fluoro, chloro and the like), alkyl (for example, methyl, ethyl and the like), C 3 ^ cycloalkyl group 
(for example, cyclopropyl, cyclobutyl and the like), hydroxyl group, C 1-4 alkoxy group (for example, methoxy, ethoxy 
and the like) and carboxyl group being especially preferred. 

[0053] Ar is preferably a phenyl group which may be substituted by 1 to 3 substituents selected from halogen atoms 
(for example, fluorine, chlorine and the like), an optionally halogenated C 1-4 alkyl group (for example, methyl, difluor- 
omethyl, trifluoromethyl, ethyl, 2,2,2-trifluoroethyl, propyl, isopropyl and the like) and an optionally halogenated C 1-4 
alkoxy group (for example, methoxy, difluoromethoxy, trifiuoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propoxy, isopro- 
poxy and the like). A 5-to 6-membered heterocyclic group containing 1 to 3 heteroatoms (for example, nitrogen atoms, 
oxygen atoms, sulfur atoms and the like) other than carbon atoms (for example, furyl, pyridyl, pyrimidinyl, thienyl, 
thiazolyl, thiadiazolyl and the like) which may be substituted by a substituent selected from an optionally halogenated 
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alkyl group (for example, methyl, trifluoromethyl, ethyl and the like), C 1-4 alkoxy group (for example, methoxy, 
ethoxy, propoxy and the like) and cycloalkyl (for example, cyclopropyl and the like) is also preferred. 
[0054] One especially preferred as Ar may, for example, be a phenyl group or pyridyl group which may be substituted 
by 1 to 4 substituents selected from halogen atoms (for example, chlorine, fluorine and the like), optionally halogenated 

alkyl group (for example, methyl, trifluoromethyl. ethyl, isopropyl and the like), optionally halogenated C-,^ alkoxy 
group (for example, methoxy, trifluorom ethoxy, ethoxy and the like), di-C-,^ alkylamino group (for example, dimethyl- 
amino and the like), C^. 3 acyloxy group (for example, acetoxy and the like) and hydroxyl group. 
[0055] A preferred compound represented by Formula [I] or a salt thereof may, for example, be a compound repre- 
sented by Formula [II]: 
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in which ring A' is an optionally substituted 6-membered hydrocarbon group; ring C is an optionally substituted benzene 
group; one of X' and Z is -NR r - (in which R r is a hydrogen atom, optionally substituted hydrocarbon group or optionally 
substituted amino group), -O- or -S- and the other is -CO-, -CS- or -C(R 2 )R 2a - (in which each of R 2 ' and R 2a ' is a 
30 hydrogen atom or optionally substituted hydrocarbon group), or one of them is -N= and the other is =CR 3 '- (in which 
R 3 ' is a hydrogen atom, halogen atom, optionally substituted hydrocarbon group, optionally substituted amino group, 
optionally substituted hydroxyl group or a mercapto group which may be substituted by an optionally substituted hy- 
drocarbon group); is a single bond or double bond; V, when adjacent to V is a single bond, is 

35 

I 

(in which R 6 is a hydrogen atom, hydroxyl group or optionally substituted hydrocarbon group) or a nitrogen atom, Y\ 

40 when adjacent to Y' is a double bond, is a carbon atom; D' is a alkylene group which may be substituted 

by an oxo group or thioxo group; E* is -NR 7 - (in which R 7 is a hydrogen atom or optionally substituted hydrocarbon 
group), -O- or -S(0)n- (in which n is 0, 1 or 2); G' is a bond or C A . 3 alkylene group; Ar* is an optionally substituted aryl 
group or optionally substituted heterocyclic group, D* may be taken together with Z' to form a 5- to 7-membered ring 
which may be substituted by an oxo group or thioxo group, R 7 may be taken together with Z to form a 5- to 7-membered 
45 ring which may be substituted by an oxo group or thioxo group, or a salt thereof. 

[0056] In Formula [II] shown above, a substituent which may be possessed by ring A* and ring C has a meaning 
similar to the substituent which may be possessed by an optionally substituted cyclic hydrocarbon represented by ring 
A in Formula [I] shown above. 

[0057] In Formula [II] shown above, "an optionally substituted hydrocarbon group", "an optionally substituted amino 
50 group", "an optionally substituted hydroxyl group", "mercapto group which may be substituted by an optionally substi- 
tuted hydrocarbon group", "C^ alkylene group which may be substituted by an oxo group or thioxo group", "C^ 
alkylene group", "an optionally substituted aryl group or optionally substituted heterocyclic group" have the meanings 
similar to those described above. 

[0058] "A 5- to 7-membered ring which may be substituted by an oxo group or thioxo group" formed by D' taken 
55 together with Z has the meaning similar to "a 5- to 7-membered ring which may be substituted by an oxo group or 
thioxo group" formed by D taken together with a constituent atom of the ring B. 

[0059] "A 5- to 7-membered ring which may be substituted by an oxo group or thioxo group" formed by R 7 taken 
together with Z has the meaning similar to "a 5- to 7-membered ring which may be substituted by an oxo group or 
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thioxo group" formed by R 4 taken together with a constituent atom of the ring B. 

[0060] Another preferred example of a compound represented by Formula [I] or a salt thereof may, for example, be 
a compound represented by Formula [III] : 




in which each of ring A", ring C* and ring D is an optionally substituted benzene ring, X" is -NR 8 - (in which R 8 is a 
hydrogen atom or optionally substituted hydrocarbon group), -O- or -S-, U is -(CH 2 )m- (in which m is 1 or 2) or -NH-, 
R a is a hydrogen atom or optionally substituted hydrocarbon group), or a salt thereof. 

[0061] In Formula [III] shown above, a substituent which may be possessed by rings A", C or D has a meaning 
similar to the substituent which may be possessed by an optionally substituted cyclic hydrocarbon represented by ring 
A in Formula [I] shown above. 

[0062] In Formula [III] shown above, "an optionally substituted hydrocarbon group" has the meaning similar to that 
described above. 

[0063] A further preferred example of a compound represented by Formula [I] or a salt thereof may, for example, be 
a compound represented by Formula [IV]: 




in which ring A*" is an optionally substituted benzene ring, Q is an optionally substituted aromatic ring, W is -CH 2 -, -CO- 
or -CS-, V is 



— CH— — N— 



or 

or W and V are taken together to form 



\ / 

/ c=c x 



H 
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Y" is -CH 2 -, -O-, -S-, -CO, -CS- or -NR 9 (in which R 9 is a hydrogen atom or hydrocarbon group), IT is -NH-, -CH 2 - or 
-CH 2 NH-, R b is a hydrogen atom or optionally substituted hydrocarbon group, is a single bond or double bond, 
or a salt thereof. 

[0064] Ring A m represents an optionally substituted benzene ring, and ring Q represents an optionally substituted 
5 aromatic ring. A substituent on such a benzene ring and aromatic ring may, for example, be (i) a halogen atom (for 
example, fluorine, chlorine, bromine, iodine and the like, preferably chlorine and fluorine), (ii) an alkyl group which may 
be substituted by a halogen, (iii) an alkoxy group which may be substituted by a halogen, (iv) an alkylthio group which 
may be substituted by a halogen, (v) a C^y acylamino group (for example, a alkanoylamino group such as 
formylamino, acetylamino, propionylamino and butyrylamino, as well as benzoylamino group and the like), (vi) an amino 
10 group which may be substituted by a alkylamino group (for example, a mono- or di-C^ alkylamino group such 
as methylamino, ethylamino, propylamino, dimethylamino, methylethylamino and methylpropylamino), (vii) a acy- 
loxy group (for example, formyloxy, acetoxy, propionyloxy group and the like), (viii) a hydroxyl group, (ix) a cyano group, 
(x) a carboxyl group and the like. 

[0065] An alkyl group which may be substituted by a halogen described above may, for example, be a straight or 
*5 branched alkyl group having 1 of 6 carbon atoms unsubstituted or substituted by 1 to 5 halogen atoms (for example, 
fluorine, chlorine, bromine, iodine and the like, preferably, chlorine and bromine), and those employed widely are methyl, 
chloromethyl, difluoromethyl, trichloromethyl, trifluoromethyl, ethyl, 2-buromoethyl, 2,2,2-trifluoroethyl, pentafluoroe- 
thyl, propyl, 3,3,3-trifluoropropyl, isopropyl, 2-trifluoromethyIethyl, butyl, 4,4,4-trifluorobutyl, isobutyl, sec-butyl, tert- 
butyl, pentyl, isopentyl, neopentyl, 5,5,5-trifluoropentyl, 4-trifluoromethylbutyl, hexyl, 6,6, 6-trifluorohexyl, 5-trifluor- 
20 omethylpentyl and the like, with a straight or branched alkyl group having 1 to 4 carbon atoms unsubstituted or sub- 
stituted by 1 to 3 halogen atoms described above being employed preferably, including methyl, chloromethyl, difluor- 
omethyl, trichloromethyl, trifluoromethyl, ethyl, 2-bromoethyl, 2,2,2-trifluoroethyl, propyl, 3,3,3-trifluoropropyl, isopro- 
pyl, 2-trifIuoromethylethyl, butyl, 4,4,4-trifluorobutyl, isobutyl, sec-butyl, tert-butyi and the like. 

[0066] An alkoxy group which may be substituted by a halogen and an alkylthio group which may be substituted by 
25 a halogen are an alkoxy group which may be substituted by a halogen and an alkylthio group which may be substituted 
, by a halogen formed by binding an alkyl group or a halogen-substituted alkyl group described above with an oxygen 
atom and a sulfur atom, respectively. 

[0067] An alkoxy group which may be substituted by a halogen may, for example, be a straight or branched alkoxy 
group having 1 to 6 carbon atoms unsubstituted or substituted by 1 to 5 halogen atoms as described above, and those 

30 employed widely are methoxy, difiuoromethoxy, trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propoxy, isopropoxy, 
butoxy, 4,4,4-trifluorobutoxy, isobutoxy, sec-butoxy, pentoxy, hexyloxy and the like, with a straight or branched alkoxy 
group having 1 to 4 carbon atoms unsubstituted or substituted by 1 to 3 halogen atoms as described above being 
employed preferably, including methoxy, difiuoromethoxy, trifluoromethoxy, ethoxy, 2,2,2-trifluoroethoxy, propoxy, iso- 
propoxy, butoxy, 4,4,4-trifluorobutoxy, isobutoxy, sec-butoxy and the like. 

35 [0068] An alkylthio group which may be substituted by a halogen may, for example, be a straight or branched alkylthio 
group having 1 to 6 carbon atoms unsubstituted or substituted by 1 to 5 halogen atoms as described above, and those 
employed widely are methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, butylthio, 
4,4,4-trifluorobutylthio, pentylthio, hexylthio and the like, with a straight or branched alkylthio group having 1 to 4 carbon 
atoms unsubstituted or substituted by 1 to 3 halogen atoms as described above being employed preferably, including 

40 methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, propylthio, isopropylthio, butylthio, 4,4,4-trifluorobutylthio 
and the like. 

[0069] The expression "which may be substituted by a halogen" hereinafter means that 1 to 3 halogens may be 
possessed as described above. 

[0070] A preferred substituent on a benzene ring represented by ring A"* and on an aromatic ring represented by 
45 ring Q is (i) a halogen atom, (ii) a alkyl group which may be substituted by a halogen, (iii) a C,^ alkoxy group, (iv) 
a hydroxy group, (v) an amino group which may be substituted by a C,^ alkyl group and (vi) a C^_ 3 acyloxy group. 
Each of the terms (i) to (vi) has the meaning described above. 

[0071] A substituent on a benzene ring represented by ring A"' and on an aromatic ring represented by ring Q may 
be present in any substitutable position on the benzene ring and the aromatic ring, and when the. substitution occurs 
50 twice or more, then the substituents may be same or different, and the number of the substituents may be 1 to 4, 
preferably 2 or 3. It is also possible that adjacent carbon atoms on the ring A or the ring Q are taken together with 
-(CH 2 ) 4 - (q is an integer of 3 to 5) to form a 5- to 7-membered ring, and such a case is also encompassed in the 
compound represented by Formula [III]. 

[0072] As ring A, a benzene ring substituted by 1 to 4 substituents selected from a halogen (for example, chlorine), 
55 alkyl group which may be substituted by 1 to 3 halogens (for example, methyl, ethyl, isopropyl, trifluoromethyl and 

the like) and alkoxy group (for example, methoxy and the like) is employed, with a benzene ring substituted by a 
single halogen (having the meaning described above) or a single alkyl group (for example, methyl, ethyl, isopropyl 
and the like) being preferred. 
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[0073] An aromatic ring represented by ring Q may, for example, be a 5- or 6-membered aromatic ring which may 
have 1 to 4, preferably 1 to 2 oxygen, sulfur or nitrogen atoms in addition to carbon atoms, preferably a 5- or 6-membered 
aromatic ring which may have 1 or 2 nitrogen atoms in addition to carbon atoms, more preferably, (1) a benzene ring, 
(2) a pyridine ring, (3) a pyrazine ring, (4) a pyrimidine ring, (5) a pyridazine ring and the like, still preferably a benzene 

5 ring or pyrimidine ring, especially a benzene ring. 

[0074] Ring Q may have same or different 1 to 4 substituents, and such substituents are preferably (i) halogens (for 
example, fluorine, chlorine and the like), (ii) a alkyl group which may be substituted by a halogen (for example, 
methyl, ethyl, isopropyl, trifluoromethyl and the like), (iii) a alkoxy group which may be substituted by a halogen 
(for example, methoxy, ethoxy, isopropoxy, trifluoromethoxy and the like), (iv) a di-C 1-4 alkylamino group (for example, 

10 dimethylamino group and the like), (v) a acyloxy group (for example, acetoxy group) or (vi) a hydroxyl group, 
especially halogens (having the meaning described above), a alkyl group (having the meaning described above) 
which may be substituted by a halogen, a C 1 ^ alkoxy group (having the meaning described above) which may be 
substituted by a halogen. 

[0075] In Formula [III] described above, an optionally substituted hydrocarbon group represented by R b has the 
15 meaning described above. 

[0076] A hydrocarbon group represented by R 9 has the meaning described above. 
[0077] In Formula [IV] shown above, W is -CH 2 -, -CO- or -CS-, preferably -CH 2 -, -CO-. 
[0078] In Formula [IV] shown above, V is 



20 



35 



40 



— CH— — N— 

I or I 



25 or W and V are taken together to form 



30 C =C 

/ \ 



preferably, V is 



— CH— — N— 
I or I 



[0079] In Formula [IV] shown above, Y" is -CH 2 -, -O-, -S-, -CO-, -CS- or -NR 9 - (in which R 9 has the meaning described 
above), preferably, -CH 2 -, -O-, -CO-, -NR 9a - (in which R 9a is a C<|_6 alkyl group such as methyl, ethyl, propyl, isopropyl 
and the like), with -CH 2 -, -O- being especially preferred. 

[0080] In Formula [IV] shown above, U' is -NH-, -CH 2 -, -CH 2 NH-, preferably -NH-, -CH 2 -. 
45 [0081] Another preferred example of a compound represented by Formula [I] may, for example, be a compound 
represented by Formula [V]: 



so 



55 
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5 



10 




15 

in which each of R 10 and R 11 is a hydrogen atom, halogen atom, optionally substituted linear hydrocarbon group or 
the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon 
group or a dihydrofuran ring which may be substituted by an oxo group, ring I is an optionally substituted benzene ring 
or optionally substituted pyridine ring, ring J is an optionally substituted benzene ring or optionally substituted pyridine 
20 ring (preferably, when R 10 is a hydrogen atom, then R 11 is a substituted linear hydrocarbon group), or a salt thereof, 
and each of R 10 and R 11 is preferably a hydrogen atom, halogen atom or optionally substituted linear hydrocarbon 
group or the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hy- 
drocarbon group or a dihydrofuran ring which may be substituted by an oxo group. 

[0082] "Linear hydrocarbon group" in "an optionally substituted linear hydrocarbon group" and "hydroxyl group which 
25 may be substituted by an optionally substituted linear hydrocarbon group" represented by R 10 and R 11 in Formula [V] 
shown above may, for example, be an alkyl group, alkenyl group and alkynyl group. 

[0083] An alkyl group is a straight or branched group having 1 to 7 carbon atoms, preferably a straight or branched 
group having 1 to 4 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl and the 
like. 

30 [0084] An alkenyl group is an alkenyl group having 2 to 6 carbon atoms, such as ethenyl, propenyl, isopropenyl, 
butenyl, isobutenyl, sec-butenyl and the like, preferably an alkenyl group having 2 to 4 carbon atoms, such as ethenyl, 
propenyl, isopropenyl and the like. 

[0085] An alkynyl group is an alkynyl group having 2 to 6 carbon atoms, such as ethynyl, propynyl, isopropynyl, 
butynyl, isobutynyl, sec-butynyl and the like, preferably an alkynyl group having 2 to 4 carbon atoms, such as ethynyl, 
35 propynyl, isopropynyl and the like. 

[0086] A linear hydrocarbon group described above is preferably a straight or branched alkyl group having 1 to 6 
carbon atoms, especially a straight or branched alkyl group having 1 to 4 carbon atoms such as methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl and the like. 

[0087] A substituent on "an optionally substituted linear hydrocarbon group" and "hydroxyl group which may be sub- 
40 stituted by an optionally substituted linear hydrocarbon group" represented by R 10 and R 11 may be a substituent in "an 
optionally substituted linear hydrocarbon group" described above. 

[0088] Each of R 10 and R 11 -may, for example, be a halogen atom (e.g., fluorine atom, chlorine atom, bromine atom), 
optionally substituted C^ 7 alkyl group (preferably aC 14 alkyl group, such as methyl, ethyl and propyl, especially me- 
thyl), optionally substituted C 2 _6 alkenyl group (for example, ethenyl) or hydroxyl group which may be substituted by 
45 an optionally substituted C^_ 7 alkyl group (preferably, hydroxyl group, alkoxy group such as methoxy), with a 
halogen atom or an optionally substituted C^_ 7 alkyl being preferred. "A C A , 7 alkyl group" in "an optionally substituted 
Cw alkyl group" has an oxo group as a substituent, and when said oxo group is present in an a-position, then a C 1 . 7 
alkanoyl group such as formyl and acetyl may be formed. 

[0089] A preferred substituent on a C A _ 7 alkyl group described above may for example be: 

50 

(i) a hydroxyl group, 

(ii) a mono- or di-C^ alkylamino group (e.g., dimethylamino, diethylamino), 

(iii) an amino group substituted by a C 1-4 alkyl and a 5- to 9-membered heterocyclic group which contains 1 to 3 
heteroatoms such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for example, thienyl, furyl, 

55 pyridyl, pyrimidinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoisoxazolyl and the like) (e.g., 

methyl(2-pyridyl)amino), 

(iv) an amino group substituted by a alkyl and a C 1-4 alkyl-carbonyl (e.g., methyl(methylcarbonyl)amino), 

(v) an amino group substituted by a C 1-4 alkyl and a C 6 . 12 aryl-carbonyl (e.g., methyl(benzoyl)amino), 
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(vi) a mono- or di-C 1-4 alkoxy-C^ alkyl-amino group (e.g., butoxypropylamino), 

(vii) 5- to 9-membered cyclic amino group which may contain 1 to 3 heteroatoms such as oxygen and sulfur atoms 
in addition to nitrogen atoms (e.g., pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, 3,6-dihydropyridin-1(2H)-yl), 
optionally substituted by a Cg_i2 sryl which may have 1 to 4 substituents selected from a C-j_4 alky I (e.g., methyl), 
halogen atoms, hydroxy group and optionally halogenated C 1 _ 4 alkyl (e.g., phenyl, 4-hydroxyphenyl, 4-chloroph- 
enyl, 3-methylphenyl), alkylsulfonyl (e.g., methylsulfonyl), C 7 . 15 aralkyl (e.g., benzyl) which may have 1 to 4 
substituents selected from, halogen atoms, hydroxy group and optionally halogenated alkyl, alkoxy-C-,^ 
alkyl (for example, propoxyethyl and the like), 5- to 9-membered heterocyclic group which contains 1 to 3 heter- 
oatoms such as nitrogen, oxygen and sulfur atoms in addition to carbon atoms (for example, piperidinyl, piperazinyl, 
morpholinyl, thienyl, furyl, pyridyl, pyrimidinyl, thiazolyl, benzothiazolyl, benzoisothiazolyl, benzoxazolyl, benzoi- 
soxazolyl and the like), hydroxyl group and the like, 

(viii) aC^ alkyl-carbonyloxy group (for example, methylcarbonyloxy, ethylcarbonyloxy, butylcarbonyloxy and the 
like), 

(ix) a 5- to 9-membered heterocyclic group which contains 1 to 3 heteroatoms such as nitrogen, oxygen and sulfur 
atoms in addition to carbon atoms (for example, thienyl, furyl, pyridyl, pyrimidinyl, thiazolyl, benzothiazolyl, ben- 
zoisothiazolyl, benzoxazolyl, benzoisoxazolyl and the like)-thio group (e.g., 2-pyridylthio) and the like. 

[0090] A preferred substituent on said C 2 . 6 alkenyl group may, for example, be a C 1-4 alkoxy-carbonyl (e.g., meth- 
oxycarbonyl) and the like. 

[0091] A cyclic hydrocarbon when R 10 and R 11 in Formula [V] shown above are taken together with the adjacent 
carbon atoms to form an optionally substituted cyclic hydrocarbon may, for example, be a saturated or unsaturated 
cyclic aliphatic hydrocarbon (for example, cycloalkane, cycloalkene, cycloalkadiene and the like) and aryl. Such a 
cycloalkane may, for example, be cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane, 
cyclononane and the like, preferably a C 3 _ 7 cycloalkane such as cyclopropane, cyclobutane, cyclopentane, cyclohex- 
ane and the like. Said cycloalkene may, for example, be a C 5 . 6 cycloalkene such as cyclopentene, cyclohexene, cy- 
clobutene, cyclopentene and the like. Said cycloalkadiene may, for example, be a C 5 . 6 cycloalkadiene such as 2,4-cy- 
clopentadiene, 2,4-cyclohexadiene, 2,5-cyclohexadiene and the like. 

[0092] An aryl described above may, for example, be a monocyclic or fused polycyclic aromatic hydrocarbon having 
6 to 16 carbon atoms, such as benzene ring, naphthalene ring, anthracene ring, phenanthrene ring, acenaphthalene 
ring and the like, with a C 6 . 10 aryl such as benzene ring and naphthalene ring being especially preferred. 
[0093] Preferred examples of a cyclic hydrocarbon which may be formed when R 10 and R 11 are taken together with 
the adjacent carbon atoms are a C 5 . 7 cyclic hydrocarbon, as well as a saturated or unsaturated cyclic aliphatic hydro- 
carbon (for example, cycloalkane, cycloalkene, cycloalkadiene and the like), especially, cyclopropane, cyclobutane, 
cyclopentane, cyclohexane, cycloheptane, cyclooctane, cyclononane and the like, with a C3_ 7 cycloalkane such as 
cyclopropane, cyclobutane, cyclopentane and cyclohexane being particularly preferred. 

[0094] A substituent which may be possessed by said cyclic hydrocarbon has the meaning similar to the substituent 
in "an optionally substituted hydrocarbon group" described above. A substituent on an unsaturated cyclic aliphatic 
hydrocarbon described above is preferably an oxo group or hydroxyl group. 

[0095] A substituent on an optionally substituted benzene ring and optionally substituted pyridine ring represented 
by ring I and an optionally substituted benzene ring and optionally substituted pyridine ring represented by ring J in 
Formula [V] shown above has the meaning similar to the substituent in "an optionally substituted hydrocarbon group" 
represented by ring A described above. 

[0096] Ring I is preferably a benzene ring which may be substituted by an alkyl group, halogenated alkyl group or a 
halogen atom, with a benzene ring which may be substituted by a C^q alkyl group, halogenated C 1-4 alkyl group or 
halogen atom being especially preferred. 

[0097] Ring J is preferably a benzene ring which may be substituted by a halogenated alkyl group or a halogen atom, 
with a benzene ring which may be substituted by a halogenated C 1-4 alkyl group or halogen atom being especially 
preferred. 

[0098] A preferred example of a compound represented by Formula [I] or a salt thereof is a compound represented 
by Formula [VI]: 
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in which each of R 12 and R 13 is a hydrogen atom, halogen atom or optionally substituted linear hydrocarbon group, or 
the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon 
group, 




group 

is an optionally substituted phenyl group (preferably, except for 2-chlorophenyl ring and 2-fluoro phenyl ring), ring L is 
an optionally substituted benzene ring or optionally substituted pyridine ring (preferably, when 




group 

is a phenyl group, then R 13 is not a methyl group, and 




group 

is a 2-methylphenyl group, then R 13 is not a chlorine atom) or a salt thereof. 

[0099] In Formula [VI] shown above, "an optionally substituted linear hydrocarbon group" represented by R 12 and 
R 13 is similar to "an optionally substituted linear hydrocarbon group" represented by R 10 and R 11 described above. 
[0100] An optionally substituted cyclic hydrocarbon which may be formed when R 12 and R 13 are taken together with 
the adjacent carbon atoms has the meaning similar to "an optionally substituted cyclic hydrocarbon" which may be 
formed when R 10 and R 11 are taken together with the adjacent carbon atoms described above. 
[0101] Preferred examples of a cyclic hydrocarbon in a cyclic hydrocarbon which may be formed when R 12 and R 13 
are taken together with the adjacent carbon atoms are a C 5 . 7 cyclic hydrocarbon, as well as a saturated or unsaturated 
cyclic aliphatic hydrocarbon (for example, cycioalkane, cycloalkene, cycloalkadiene and the like), especially, cyclopro- 
pane, cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane, cyclononane and the like, with a C3_ 7 cy- 
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cloalkane such as cyclopropane, cyclobutane, cyclopentane and cyclohexane being particularly preferred. 
[0102] Each of R 12 and R 13 is preferably a halogen atom or a alkyl group. 

[0103] In Formula [VI] shown above, "a substituent" on an optionally substituted phenyl group represented by For- 
mula: 



10 




group 

has the meaning similar to "a substituent" on an optionally substituted benzene ring represented by ring I shown above. 
[0104] A preferred example of 



20 




group 

may, for example, be a phenyl group which may be substituted by a alkyl group. 

[0105] In Formula [VI] shown above, "an optionally substituted benzene ring and optionally substituted pyridine ring" 
25 represented by ring L has the meaning similar to "an optionally substituted benzene ring and optionally substituted 
pyridine ring" represented by ring J shown above. 

[0106] A preferred example of ring L may, for example, be a substituted benzene ring. Such a substituent has the 
meaning similar to the substituent which may be possessed by ring L described above. 

[0107] A compound represented by Formula [I], [II], [III], [IV], [V] or [VI] in a free form and a pharmacologically ac- 

30 ceptable salt thereof are encompassed in the present invention. When a compound represented by Formula [I], [II], 
["•]» [IV], [V] or [VI] has an acidic group such as a carboxyl group, such a salt may be a salt with an inorganic base (e. 
g., alkaline metals such as sodium and potassium, alkaline earth metals such as calcium and magnesium, transition 
metals such as zinc, iron and copper) or an organic base (e.g., organic amines such as trimethylamine, triethylamine, 
pyridine, picoline, ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine and N.N'-dibenzylethylenedi- 

35 amine, basic amino acids such as arginine, lysine and ornithine). 

[0108] When a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] has a basic group such as an amino 
group, it may form a salt with an inorganic or organic acid (e.g., hydrochloric acid, nitric acid, sulfuric acid, phosphoric 
acid, carbonic acid, bicarbonic acid, formic acid, acetic acid, propionic acid, trifluoroacetic acid, fumaric acid, oxalic 
acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p- 

40 toluenesulfonic acid and the like) as well as acidic amino acids such as aspartic acid, glutamic acid and the like. 

[0109] A compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof can be employed also as a 
prodrug. Said prodrug is a compound which is converted into a compound represented by Formula [I], [II], [III], [IV], 
[V] or [VI] or a salt thereof under a physiological condition in a living body as a result of a reaction with an enzyme or 
gastric acid, and thus a compound which undergoes an enzymatic oxidation, reduction or hydrolysis to form a compound 

45 represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof and a compound which is hydrolyzed by gastric 
acid to form a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof. A prodrug for a compound 
represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof may, for example, be a compound obtained by 
subjecting an amino group in a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof to an 
acylation, alkylation or phosphorylation when said compound has an amino group (e.g., a compound obtained by 

50 subjecting an amino group in a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof to an 
.eicosanoylation, alanylation, pentylaminocarbonylation, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methoxycarbonylation, tet- 
rahydrofuranylation, pyrrolidylmethylation, pivaloyloxymethylation and t-butylation); a compound obtained by subject- 
ing a hydroxyl group in a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof to an acylation, 
alkylation, phosphorylation or boration when said compound has a hydroxy group (e.g., a compound obtained by sub- 

55 jecting the hydroxyl group to an acetylation, palmitoylation, propanoylation, pivaloylation, succinylation, fumarylation, 
alanylation, dimethylaminomethylcarbonylation); a compound obtained by subjecting a carboxyl group in a compound 
represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof to an esterification or amidation when said compound 
has a carboxyl group (e.g., a compound obtained by subjecting the carboxyl group to an ethyl esterification, phenyles- 
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terification, carboxymethylesterification, dimethylaminoesterification, pivaloyloxymethylesterification, ethoxycarbony- 
loxyethylesterification, phthalidylesterification, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methylesterification, cyclohexyloxy- 
carbonylethylesterification and methylamidation) and the like. These prodrugs can be produced from a compound 
represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof by a method known per se. 
[0110] A prodrug for a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof may also be 
one which is converted into a compound represented by Formula [I], [II], [III], [IV], [V] or [VI] or a salt thereof under a 
physiological condition, such as those described in "IYAKUHIN no KAIHATSU (Development of Pharmaceuticals)", 
Vol.7, Design of Molecules, p.163-198. Published by HIROKAWA SHOTEN (1990). 

[0111] A compound represented by Formulae [I], [II], [III], [IV], [V] or [VI] or a salt may be present as a hydrate or 
anhydride thereof. 

[0112] A compound represented by Formulae [I], [II], [III], [IV], [V] or [VI] or a salt may be labeled with an isotope (e. 
g., 3h, 14 C, 35 S , 125| and the like). 

[0113] Preferred examples of a compound represented by Formula [I] other than those represented by Formulae [II] 
to [VI] are those disclosed in EPA585913, EPA602598, JP-A-6-263736, JP.A-6-340647, JP-A-8-295667 and 
W099-33825. 

[0114] Among those compounds represented by Formula [I], the following compounds: 

2-[7-Chloro^-(3-chlorophenyl)-6-meto 
mide; 

2-[7-chloro^-(3-chlorophenyl)-6-meth^ 
mide; 

247-chloro-4-(3-chloro^-fluorophenyl)-6-methyl-2^ 
acetamide; 

2-[7-chloro^-(3-chloro-4-fluorophenyl)-6-me^ 
acetamide; 

2-[7-chloro-6-methyM-(3-methylphenyO 
mide; 

2-[7-chloro-6-methyM-(3-methylphenyl)-2-oxo-2H^^ 
mide; 

2-[7-chloro-2-oxo^-phenyl-6-[(4-phenylpiper 
phenyl]acetamide; 

2-[7-chloro-2-oxo-4-phenyl-6-[(4-phenylpiperazin-1-yl)m 
phenyl]acetamide; 

2-[7-chloro-6-[[4-(4-chlorophenyl)-3,6-dihv^^ 

ro-2-(trifluoromethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(4-chlorophenyl)-3,6-dihydropyri 

-N-[4-fluoro-2-(trifluoromethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(3-methylphenyl)piperidin-1-yl]me^ 

omethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(3-methylphenyl)piperidi 

omethyl)phenyl]acetamide; or a salt thereof are employed preferably. 

[0115] A compound represented by Formula [I] or a salt thereof encompasses any known compounds and novel 
compounds. Such known compounds [II], [IJI] and [IV] and their salts are disclosed for example in EPA585913, 
EPA602598 and JP-A-6-263736 and the like, the disclosure in which are followed to produce the compounds. Said 
novel compounds [V] and [VI] and their salts can be produced for example by the following methods. Thus, a compound 
[I] or a salt thereof can be produced by known methods for producing Compounds [II], [III] and [IV] described above 
or by the methods for producing Compounds [V] and [VI] described below, or any analogous methods. 
[0116] A compound [V] or a salt thereof can be produced, as shown below, by reacting a corresponding coumarine- 
acetic acid derivative [VII], or a salt thereof or a derivative thereof which is reactive at its carboxyl group, with a com- 
pound represented by Formula [VIII]: 
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wherein each symbol is as defined above or a salt thereof. Such a reactive derivative of a carboxylic acid -may, for 
example, be an acid halide (for example, chloride, bromide and the like), acid anhydride, mixed acid anhydride (for 
example, anhydride with methyl carbonate, anhydride with ethyl carbonate, anhydride with isobutyl carbonate and the 
like), activated ester (for example, ester with hydroxysuccinimide, ester with 1 -hydroxy benzotriazole, ester with N- 
hydroxy-5-norbornene-2,3-dicarboxyimide, ester with p-nitrophenol, ester with 8-oxyquinloine and the like), with an 
acid halide being especially preferred. 

[0117] A compound [V] or a salt thereof can be produced also by reacting a coumarineacetic acid derivative [VII] or 
a salt thereof with a compound represented by Formula [VIII] or a salt thereof in the presence of a coupling reagent. 
Such a coupling reagent may, for example, be a carbodiimide (for example, dicyclohexylcarbodiimide, N-[3-(dimethyl- 
amino)propyl]-N'-ethylcarbodiimide, N-cycfohexyl-N- (2-morpholin-4-ylethyl)carbodiimide, N-cyclohexyl-N'-[4-(diethyl- 
amimo)cyclohexyl]carbodiimide), carbonyldiimidazole, N-ethyl-S-phenylisoxazolium-S'-sulfonate, N-ethyl-2'-hydroxy- 
benzisoxazolium trifluoro borate, 2-ethoxy-1-ethoxycarbonyl-1 ,2-dihydroquinoline, 2-isobutyloxy-1-isobutyloxycarbo- 
nyl-1,2-dihydroquinoline, (benzotriazolyl-N-hydroxytrisdiethylaminophosphonium hexafluorophosphide salt, diphenyl- 
phosphoryl azide and the like. In some cases, a carbodiimide can affect the reaction advantageously when combined 
with additives. Such additives are N-hydroxysuccinimide, 1 -hydroxy benzotriazole, 3-hydroxy-4-oxo-3,4-d»hydro- 
1,2,3-benzotriazine, N-hydrpxy-5-norbornene-2,3-dicarboxylic acid imide, ethyl 2-hydroxyimino-2-cyanoacetate, 2-hy- 
droxyimino-2-cyanoacetamide and the like. 

[0118] A salt of a compound [VII] is similar to the salt of a compound [I] described above. 




[0119] This reaction is conducted usually in a solvent by which the reaction is not affected adversely (for example, 
a halogenated hydrocarbon such as chloroform, dichloromethane, ethyl ether, tetrahydrofuran, dioxane, dimethox- 
yethane, ethyl acetate, benzene, toluene, pyridine, N,N-dimethylformamide and the like, ether, ester, hydrocarbon, 
aromatic amine, amide and the like). This reaction can be conducted in the presence or absence of a base. The reaction 
temperature is usually about -10°C to 120°C, preferably about 0°C to 100°C. The reaction time is usually about 5 
minutes to 48 hours, preferably about 0.5 to 24 hours. The amount of a compound [VIII] or a salt thereof is about 1 to 
5 molar equivalents, preferably about 1 to 3 molar equivalents, per 1 mole of a compound [VII] or a salt thereof or a 
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reactive derivative thereof. The base may, for example, be an alkylamine such as triethylamine, a cyclic amine such 
as N-methylmorpholine and pyridine, an aromatic amine such as N.N-dimethylaniline and N.N-diethylaniline, an alka- 
line metal carbonate such as sodium carbonate and potassium carbonate, an alkaline metal hydrogen carbonate such 
as sodium hydrogen carbonate and potassium hydrogen carbonate and the like, and the amount of which is about 1 

5 to 5 molar equivalents, preferably about 1 to 3 molar equivalents per 1 mole of a compound [VIII] or a salt thereof. 
When using a solvent which is immiscible with water, then a suitable amount of water may be added to the reaction 
system to conduct the reaction in a biphasic system. When using a coupling reagent, it is preferable usually to conduct 
the reaction under an anhydrous condition. The amount of said coupling reagent is about 1 to 10 molar equivalents, 
preferably about 1 to 3 molar equivalents per 1 mole of a compound [VII] or a salt thereof. When an additive is employed, 

10 the amount is about 1 to 5 molar equivalents, preferably about 1 to 2 molar equivalents per 1 mole of the coupling regent. 
[0120] A starting compound [VII] or a salt thereof employed in the reaction described above can be obtained for 
example by the method described in EPA585913 or an analogous method. 

[0121] A starting compound [VII] or a salt thereof employed in the reaction described above can be obtained also 
by the methods described below. 

15 




40 

wherein R c is an alkyl group (methyl, ethyl, propyl, t-butyl and the like and other symbols are as defined above. 
[0122] Reaction step 1 is accomplished by condensing a compound [VIT] or a salt thereof with a reactive derivative 
of a succinic acid monoester. 

[0123] A reactive derivative of a succinic acid monoester may, for example, be an acid halide (for example, an acid 
45 chloride) of a succinic acid monoalkylester (e.g., methyl ester, ethyl ester, propyl ester), with ethylsuccinicyl chloride 
being employed preferably. The amount of a reactive derivative of a succinic acid monoester employed is usually an 
equimolar amount to about 1 0-fold molar amount, preferably an equimolar amount to about 3-fold molar amount, based 
on a compound [VI I*] or a salt thereof. Usually, said reaction is conducted advantageously in the presence of a base, 
and such a base is an organic or inorganic base. Such an organic base may, for example, be a tertiary amine (for 
so example, triethylamine, diisopropylethylamine, diazabicycloundecene and the like). An inorganic base may, for exam- 
ple, be an alkaline metal hydroxide such as lithium hydroxide, sodium hydroxide, potassium hydroxide and the like; an 
alkaline metal carbonate such as sodium carbonate, potassium carbonate, cesium carbonate and the like; an alkaline 
metal hydrogen carbonate such as sodium hydrogen carbonate, potassium hydrogen carbonate; an alkaline metal 
hydride such as sodium hydride and potassium hydride. The amount of a base employed is an equimolar amount to 
55 about 10-fold molar amount, preferably an equimolar amount to about 3-fold molar amount, based on a compound 
[Vir] or a salt thereof. 

[0124] Said reaction is conducted advantageously in a solvent. Such a solvent is a solvent by which the reaction is 
not affected adversely, including a hydrocarbon (for example, pentane, hexane, cyclohexane, benzene, toluene and 
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the like), a halogenated hydrocarbon (for example, dichloromethane, chloroform and the like), an ether (for example, 
diethyl ether, tetrahydrofuran, dioxane and the like), an amide (for example, N.N-dimethylformamide, hexamethyl phos- 
phoryl triamide and the like), an urea (for example, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidine and the like), a 
nitrile (for example, acetonitrile, propionitrile and the like). Any of these solvents can be employed alone or in combi- 
5 nation with each other in a suitable ratio. The amount of a solvent employed is usually about 1 to 100 ml, preferably 
about 10 to 50 ml per 1 g of a compound [VIII or a salt thereof. The reaction temperature is usually about -20°C to the 
boiling temperature of the solvent employed for the reaction, preferably about 25°C to 100°C. 

[0125] The reaction time may vary depending on the types of the base and the reaction solvent employed and the 
reaction temperature, it is about 10 minutes to 24 hours, preferably about 20 minutes to 12 hours. 
10 [0126] Reaction step 2 is accomplished by treating a compound [VII"] with a base. Said base may, for example, be 
those exemplified in Reaction step 1, and the amount of a base employed is usually about 0.1 -fold molar amount to 
10-fold molar amount, preferably about 0.1-fold molar amount to 1-fold molar amount based on a compound [VII"] or 
a salt thereof. 

[0127] Said reaction is conducted advantageously in a solvent. Such a solvent is a solvent by which the reaction is 
15 not affected adversely, including a hydrocarbon (for example, pentane, hexane, cyclohexane, benzene, toluene and 
the like), a halogenated hydrocarbon (for example, dichloromethane, chloroform and the like), an ether (for example, 
diethyl ether, tetrahydrofuran, dioxane and the like), an amide (for example, N,N-dimethylformamide, hexamethyl phos- 
phoryl triamide and the like), an urea (for example, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidine and the like), a 
nitrile (for example, acetonitrile, propionitrile and the like). Any of these solvent can be employed alone or in combination 
20 with each other in a suitable ratio. The amount of a solvent employed is usually about 1 to 100 ml, preferably about 
10 to 50 ml per 1 g of a compound [VI I'] or a salt thereof. The reaction temperature is usually about 20°C to the boiling 
temperature of the solvent employed for the reaction, preferably about 25°C to 120°C. 

[0128] The reaction time may vary depending on the types of the base and the reaction solvent employed and the 
reaction temperature, it is about 30 minutes to 24 hours, preferably about 1 hour to 12 hours. 
25 [0129] Said reaction may sometimes be accomplished advantageously by removing water generated during the 
reaction for example by using a Dien-Stark azeotropic dehydration device. 

[01 30] It is also possible that the reaction step 1 and the reaction step 2 can be accomplished in one pot. For example, 
by using as a reactive derivative of a succinic acid monoester an acid halide (e.g., acid chloride and the like) of a 
succinic acid monoalkyl ester (e.g., methyl ester, ethyl ester, propyl ester) and as a base a tertiary amine (for example, 

30 triethylamine, diisopropylethylamine, diazabicycloundecene and the like) in excess, a compound [Vll m ] or a salt can 
be produced all at once from a compound [VII"] or a salt thereof. The amount of an acid halide employed in such a 
case is usually about 1 .5-fold molar amount to 10-fold molar amount, preferably about 1 .5-fold molar amount to 3-fold 
amount based on a compound [VII"] or a salt thereof. The amount of a base employed is usually about 2-fold molar 
amount to 10-fold molar amount, preferably about 2-fold molar amount to 5-fold amount based on a compound [VII"] 

35 or a salt thereof. 

[0131] Said reaction is conducted advantageously in a solvent. Such a solvent is a solvent by which the reaction is 
not affected adversely, and the type and the amount of a solvent employed are similar to those the reaction step 1. 
The reaction temperature is usually about 20°C to the boiling temperature of the solvent employed for the reaction, 
preferably about 25°C to 60°C. The reaction time may vary depending on the types of the acid halide and the base, 
40 the type of the reaction solvent and the reaction temperature, it is about 30 minutes to 24 hours, preferably about 30 
minutes to 4 hours. 

[0132] Reaction step 3 is accomplished by treating a compound [VI l m ] with an acid or base. 

[0133] Such an acid may, for example, be an organic acid (for example, formic acid, acetic acid, trichloroacetic acid, 
trifluoroacetic acid, benzensulfonic acid, p-toluensulfonic acid and the like), or an inorganic acid (for example, hydro- 
^5 chloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like), any of which may be employed 
alone or in combination with each other in a suitable ratio. Said base may, for example, be an alkaline metal hydroxide 
(for example, lithium hydroxide, sodium hydroxide, potassium hydroxide and the like), an alkaline metal carbonate (For 
example, sodium carbonate, potassium carbonate, cesium carbonate and the like), an alkaline metal hydrogen car- 
bonate (for example, sodium hydrogen carbonate, potassium hydrogen carbonate and the like). The amount of an acid 
50 or base employed is usually about 1 molar amount to 100-fold molar amount, preferably about 1 molar amount to 
10-fold molar amount based on a compound [VI n]. 

[0134] Said reaction is conducted advantageously in a solvent. Such a solvent is a solvent by which the reaction is 
not affected adversely, including a hydrocarbon (for example, pentane, hexane, cyclohexane, benzene and the like), 
a lower alcohol (for example, methanol, ethanol, propanol and the like), an ether (for example, diethyl ether, tetrahy- 
55 drofuran, dioxane and the like), an amide (for example, N,N-dimethylformamide, hexamethyl phosphoryl triamide and 
the like), an urea (for example, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidine and the like). In a reaction using an 
acid, an acid described above can be employed as a solvent. Any of these solvent can be employed alone or in com- 
bination with each other in a suitable ratio, or in combination with water. The amount of a solvent employed is usually 



31 



EP 1 302 470 A1 



about 1 to 100 ml, preferably about 10 to 50 ml per 1 g of a compound [VITJora salt thereof. The reaction temperature 
is usually about -20°C to the boiling temperature of the solvent employed for the reaction, preferably about 15°C to 
120°C. The reaction time may vary depending on the types of the acid and the reaction solvent employed and the 
reaction temperature, it is about 10 minutes to 24 hours, preferably about 30 minutes to 12 hours. 
5 [0135] Furthermore, a coumarinamide condensed with a cycloalkane which has oxo group can be synthesized also 
by subjecting a coumarinamide condensed with a cycloalkane to an oxidation reaction at an appropriate stage of the 
synthesis. Such an oxidation reaction can be accomplished using an oxidant (for example, permanganate, chromate 
and the like) by a method known per se [for example, A.B. Smith, III, et. al. ( The Journal of Organic Chemistry, Vol.50, 
P3239-3241, 1985). 

10 [0136] Salts of the compounds [VIH, [VII"] and [Vir] employed in the reactions described above are similar to those 
salts of a compound [I] described above. 

[01 37] A compound [VI] or a salt thereof can be produced by, for example, the following method [1 ] or [2] shown below. 

Method [1] 

[0138] 



20 



25 
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wherein each symbol is as defined above. 

[0139] The reaction of a carboxylic acid represented by Formula [IX] or a salt thereof or a reactive derivative thereof 
with a compound represented by Formula [X] or a salt thereof is an amide bond- or urea bond-forming reaction, which 
can be accomplished by various known method. For example, when reacting a compound [IX] or a salt thereof (for 

45 example, a salt with an alkaline metal such as sodium, potassium, magnesium and the like, alkaline earth metal and 
the like) with a compound [X] or a salt thereof (for example, a salt with an inorganic acid such as hydrochloric acid, 
sulfuric acid and the like, a salt with an organic acid such as methanesulfonic acid, benzenesulfonic acid, toluenesulfonic 
acid, oxalic acid, fumaric acid, maleic acid and the like), it is preferable usually that an appropriate condensing agent 
is employed or that such a compound [IX] or a salt thereof is once derivatized to its reactive derivative and subsequently 

50 reacted with a compound [X] or a salt thereof. Such a condensing agent may, for example, be dicyclohexylcarbodiimide, 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, diethyl cyanophosphate, diphenylphosphoryl azide and 
the like. When using such a condensing agent, the reaction can be conducted advantageously in a solvent by which 
the reaction is not affected adversely (for example, ethers, esters, halogenated hydrocarbons, hydrocarbons, amides, 
sulfoxides such as tetrahydofuran, dioxane, dimethoxyethane, ethyl acetate, dichloromethane, 1,2-dichloroethane, 

55 benzene, toluene, N.N-dimethylformamide, dimethylsulfoxide and the like). This reaction can be promoted in the pres- 
ence of a base, and the reaction is conducted at a temperature of about -1 0°C to 100°C, preferably about 0°C to 60°C. 
The reaction time is usually about 1 to 96 hours, preferably about 1 to 72 hours. The amounts of a compound [IX] or 
a salt thereof and a condensing agent employed are about 1 to 5 molar equivalents, preferably about 1 to 3 molar 
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equivalents per 1 mole of a compound [X] or a salt thereof. A base employed may, for example, be an alkylamine such 
as triethylamine, cyclic amine such as N-methylmorpholine and pyridine, and the amount employed is about 1 to 5 
molar equivalents, preferably about 1 to 3 molar equivalents per 1 mole of a compound [IX] or a salt thereof. 
[0140] A reactive derivative of a compound [IX] may, for example, be an acid halide (for example, chloride, bromide 

5 and the like), acid anhydride, mixed acid anhydride (for example, anhydride with methyl carbonate, anhydride with 
ethyl carbonate, anhydride with isobutyl carbonate and the like), activated ester (for example, ester with hydroxysuc- 
cinimide, ester with 1 -hydroxy be nzotriazole, ester with N-hydroxy-5-norbornene-2,3-dicarboxyimide, ester with p-ni- 
trophenol, ester with 8-oxyquinloine and the like). The reaction between a compound [IX] or a salt thereof and a reactive 
derivative of a compound [X] is conducted usually in a solvent (for example, halogenated hydrocarbons, ethers, esters, 

10 hydrocarbons and amides such as chloroform, dichloromethane, 1 ,2-dichloroethane, ethyl ether, tetrahydrofuran, di- 
oxane, dimethoxyethane, ethyl acetate, benzene, toluene, pyridine, N,N-dimethylformamide and the like). This reaction 
can be promoted in the presence of a base. The reaction is conducted at a temperature of about -10°C to 120°C, 
preferably about 0°C to 100°C. The reaction time is usually about 0.5 to 48 hours, preferably about 1 to 24 hours. The 
amount of a compound [X] or a salt thereof employed is about 1 to 5 molar equivalents, preferably about 1 to 3 molar 

15 equivalents per 1 mole of a reactive derivative of a compound [IX]. A base employed may, for example, be an alkylamine 
such as triethylamine, a cyclic amine such as N-methylmorpholine and pyridine, an aromatic amine such as N,N- 
dimethylaniline and N.N-diethylaniline, an alkaline metal carbonate such as sodium carbonate and potassium carbon- 
ate, an alkaline metal hydrogen carbonate such as sodium hydrogen carbonate and potassium hydrogen carbonate, 
and the amount employed is about 1 to 5 molar equivalents, preferably about 1 to 3 molar equivalents per 1 mole of 

20 a compound [IX] or a reactive derivative thereof. When using a solvent which is immiscible with water in this reaction, 
water may be added in a suitable ratio to the reaction system to perform the reaction in a biphasic system. 

Method [2] 

25 [0141] 




50 

wherein each symbol is as defined above. 

[0142] This method is a method for forming a urea derivative by reacting an amine derivative compound [XI] or a 
salt thereof (e.g., salt with a mineral acid such as hydrochloric acid, sulfuric acid and the like, a salt with an organic 
acid such as methanesulfonic acid, benzenesulfonic acid, toluenesulfonic acid, oxalic acid, fumaric acid, maleic acid 
55 and the like) with an isocyanate derivative compound [XII]. In this method, a reaction using such an isocyanate form 
[XII] and a compound [XI] or a salt thereof yields an urea derivative. While this reaction can be conducted without using 
any solvent, it is effective to conduct the reaction in a solvent. Such a solvent may be any solvent provided that it does 
not interfere with the reaction, and is preferably an ether (e.g., diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 
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dimethoxyethane and the like), an aromatic hydrocarbon (e.g., benzene, toluene, xylene and the like), an ester (e.g., 
methyl acetate, ethyl acetate and the like), an amide (e.g., N,N-dimethylformamide and the like), a sulfoxide (e.g., 
dimethyl sulfoxide and the like). When using a compound [XII] in a form of a salt, the reaction can be accomplished 
advantageously by adding a desalting agent if desired. Such a desalting agent may, for example, be a tertiary amine 

5 such as trimethylamine, triethylamine, N-methylmorpholine and the like, and an aromatic amine such as pyridine, 
picoline and N,N-dimethylaniline. The amount of such a desalting agent employed is about 1 to 5 molar equivalents, 
preferably about 1 to 3 molar equivalents per 1 mole of a salt of a compound [XII]. The reaction temperature is usually 
about -10°C to 180°C, preferably about 0°C to 120°C. The reaction time is usually about 15 minutes to 40 hours, 
preferably about 30 minutes to 20 hours. The amount of a compound [XII] or a salt thereof employed is about 1 to 5 

10 molar equivalents, preferably about 1 to 3 molar equivalents per 1 mole of a compound [XI] or a salt thereof. 

[0143] A starting compound [IX], [XI] or a salt thereof employed in the reaction described above can be obtained for 
example by the method described in EPA602598 or an analogous method. 

[0144] In each reaction for producing a compound [V], [VI] or a salt thereof described above and each reaction for 
synthesizing a starting compound, a starting compound having an amino group, carboxy group or hydroxy group as 
15 its substituent may be present as a compound in which a protective group employed ordinarily in a peptide chemistry 
has been introduced into such a substituent, and an intended compound can be obtained by deprotection if necessary 
after the reaction. 

[0145] A protective group for an amino group may, for example, be a formyl or each optionally substituted C,_ 6 
alkylcarbonyl (for example, acetyl, ethylcarbonyl and the like), phenylcarbonyl, C^_ 6 alkyl-oxycarbonyl (for example, 
20 methoxycarbonyl, ethoxycarbonyl and the like), phenyloxycarbonyl, C 7 _ 10 aralkyl-carbonyl (for example, benzylcarbo- 
nyl), trityl, phthaloyl, N,N-dimethylaminomethylene and the like. Its substituent may, for example, be a halogen atom 
(for example, fluorine, chlorine, bromine, iodine), C^_ 6 alkyl-carbonyl (for example, methylcarbonyl, ethylcarbonyl, bu- 
tylcarbonyl and the like), nitro and the like, and the number of the substituents may be 1 to 3. 

[0146] A protective group for a carboxy may, for example, be each optionally substituted C A , 6 alkyl (for example, 
25 methyl, ethyl, n-propyl, i-propyl, n-butyl, tert-butyl and the like), phenyl, trityl, silyl and the like. Its substituent -may, for 
example, be a halogen atom (for example, fluorine, chlorine, bromine, iodine), formyl, C.,_ 6 alkyl-carbonyl (for example, 
acetyl, ethylcarbonyl, butylcarbonyl and the like), nitro group and the like, and the number of the substituents may be 
1 to 3. 

[0147] A protective group for a hydroxy may, for example, be each optionally substituted C-,^ alkyl (for example, 
30 methyl, ethyl, n-propyl, i-propyl, n-butyl, tert-butyl and the like), phenyl, C 7 . 10 aralkyl (for example, benzyl and the like), 
formyl, C A _ 6 alkyl-carbonyl (for example, acetyl, ethylcarbonyl and the like), phenyloxycarbonyl, benzoyl, C 7 . 10 aralkyl- 
carbonyl (for example, benzylcarbonyl), pyranyl, furanyl, silyl and the like. Its substituent may, for example, be a halogen 
atom (for example, fluorine, chlorine, bromine, iodine and the like), C^g alkyl (for example, methyl, ethyl, n-propyl), 
phenyl, C 7 . 10 aralkyl (for example, benzyl and the like), nitro and the like, and the number of the substituents may be 
35 1 to 4. 

[0148] A deprotection method may be a method known per se on an analogous method, for example, a treatment 
with an acid, base, reduction, UV, hydrazine, phenylhydrazine, sodium N-methyldichiocarbamate, tetrabutylammonium 
fluoride, palladium acetate and the like. 

[0149] A compound [V], [VI] or a salt thereof obtained by a method described above can be isolated and purified by 
to an ordinary separation means such as recrystallization, distillation and chromatography. When an inventive compound 
[V] or [VI] thus obtained is in a free form, it can be converted into a salt by a method known per se or an analogous 
method (for example, neutralization), while a compound [V] or [VI] which is obtained in the form of a salt can be con- 
verted into a free form or another salt by a method known per se or an analogous method. 

[0150] Since each of inventive compounds [I], [II], [III], [IV], [V], [VI] and their salts and prodrug (hereinafter abbre- 
45 viated as inventive compounds) has a low toxicity and also is safe while having a lipid-rich plaque regressing effect, it 
can be employed as a prophylactic or therapeutic agent in mammals (for example, mouse, rat, rabbit, dog, cat, cattle, 
pig, monkey, human and the like) against acute coronary artery syndrome such as acute myocardial infarction, unstable 
angina and the like, peripheral artery occlusion, restenosis after percutaneous transluminal coronary angioplasty (PT- 
CA), ischemic heart disease such as myocardial infarction and angina pectoris, arteriosclerosis, intermittent claudica- 
50 tion, apoplexy (cerebral infarction, cerebral embolism, cerebral hemorrhage and the like), lacunar infarction, cerebrov- 
ascular dementia, and is useful as a plaque regressing agent. 

[01 51] Each of novel compounds [V], [VI] and their salts has an ACAT inhibiting effect (preferably macrophage ACAT 
inhibiting effect, ACAT of subtype 1 inhibiting effect) similarly to known compounds [I], [II], [III], [IV] and their salts, and 
has a low toxicity similarly to [I], [II], [III], [IV] and their salt, and each of the novel compounds [V], [VI] and their salts 
55 and prodrug can be employed as a safe prophylactic or therapeutic agent in mammals (for example, mouse, rat, rabbit, 
dog, cat, cattle, pig, monkey, human and the like) against hypercholesteremia, atherosclerosis and diseases caused 
thereby (for example, ischemic heart disease such as myocardial infarction, cerebrovascular impairment such as cer- 
ebral infarction and apoplexy) similarly to known compounds [I], [II], [III], [IV] and their salts and prodrug. 
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[01 52] Also according to the invention, an arteriosclerotic focus progression inhibitor comprising a compound having 
a lipid-rich plaque regressing effect or a salt thereof (preferably a compound of the present invention) is provided, and 
such an progression inhibitor is employed preferably in combination with an HMG-CoA reductase inhibitor. 
[01 53] In the treatment of each of the diseases listed above, a compound of the present invention may be employed 

5 alone in the treatment, or may be combined with other pharmaceutical components such as other hypolipidemic agent 
or hypocholesteremic agent, myocardial protecting agent, coronary artery disease treating agent, diabetes treating 
agent, thyroid dysfunction treating agent, nephrotic syndrome treating agent, osteoporosis treating agent or chronic 
renal failure treating agent, and in such a case it is preferable that each of these compounds is administered in an oral 
formulation, or in a suppository as a rectal formulation if desired. In such a case, a possible compound to be combined 

10 may, for example, be a fibrate [for example, clofibrate, bezafibrate, gemfibrosil and the like], nicotinic acid, derivatives 
and analogues thereof [e.g., acipimox and probcol], bile acid-binding resin [e.g., cholestylamine, cholestipol and the 
like], cholesterol absorption inhibiting compound [e.g., sitosterol, neomycin and the like], cholesterol biosynthesis in- 
hibiting compound [e.g., an HMG-CoA reductase inhibitor such as lovastatin, simvastatin, pravastatin and the like], 
squalene epoxidase inhibiting agent [e.g., NB-598 and analogues and the like]. 

15 [0154] Still other components to be combined are oxidesqualene-lanosterol cyclase, such as a decalin derivative, 
azadecalin derivative and indane derivative. 
[0155] Also when combining with: 

Diabetes treating agent [actos, lodiglitazon, kinedak, penfill, humalin, euglucon, glimicron, daonil, novolin, mono- 
20 tard, insulins, glucobay, dimelin, rastinon, bacilcon, deamelin S, Iszilins]; hypothyroidism treating agent [dried thy- 

roid gland (thyreoid), levothyroxine sodium (thyradin S), Hothyronidin sodium (thyronine, thyromin); 
Nephrotic syndrome treating agent: prednisolone (Predonine), prednisolone succinate sodium (Predonine), meth- 
ylprednisolone succinate sodium (Solu medrol), betamethasone (rinderon)]; anticoagulating agent [dipyridamole 
(Persantin), dilazep hydrochloride (cornelian), ticlopidine, clopidogrel, Xa inhibitor]; chronic renal failure treating 
25 agent [diuretics [e.g., furosemide (lasix), bumetanide (lunetron), azosemide (diart)], hypotensive agent (e.g., ACE 

inhibitor, (enalapril maleate (renivase)) and Ca antagonist (manidipine), a-receptor blocker, All antagonist (cande- 
sartan)]; an oral administraiton is preferred. 

[0156] In view of the lipid-rich plaque regressing effect, the compound of the present invention is suitable for pre- 
30 venting and treating a thrombus formation. For this purpose, it is employed alone or in combinaiton with a known 
therapeutic agent listed below and administred preferably via an oral route. 

[0157] Thrombus formation preventing agent: anticoagulating agent [e.g., heparin sodium, heparin potassium, war- 
farin potasium (warfarin), Xa inhibitor], thrombolytic agent [e.g., tPA, urokinase], antiplatelet agent [e.g., asprin, sulfin- 
pyrazone (anturan), dipyridamole (persantin), ticlopidine (panaldine), cilostazol (pletal), GPIIb/llla antagonist (Reo- 
35 Pro)]; 

Coronary vasodilating agent: nifedipine, diltiazem, nicorandil, nitrous acid agent; 

Myocardial protecting agent: Cardiac ATP-K oral formulation, endoserine antagonist, urotensin antagonist and the like. 
An inventive compound can be given orally or parenterally, by injection, infusion, inhalation, rectal administration, or 
topical administration, and can be used as it is or in a pharmaceutical formulation (for example, powder, granule, tablet, 
40 pin, capsule, injection, syrup, emulsion, elixir, suspension, solution and the like). Thus, at least one inventive compound 
can be employed alone or in a mixture with a pharmaceutical^ acceptable carrier (adjuvant, excipient, auxiliary agent 
and/or diluent and the like). 

[0158] A pharmaceutical composition can be formulated in accordance with an ordinary method. Such a formulation 
can be produced usually by mixing/kneading an active component with additives such as an excipient, diluent and 

<5 carrier. In this specification, a parenteral administration means to include subcutaneous injection, intravenous injection, 
intramuscular injection, intraperitoneal injection or dripping infusion and the like. A formulation for injection such as 
aseptic aqueous suspension or oily suspension for injection can be produced using a suitable dispersing agent or 
wetting agent and a suspending agent by a method known in the art. Such an aseptic formulation for injection may be 
an aseptic injectable solution or suspension in a diluent or solvent which can be non-toxic and administered parenterally, 

50 including an aqueous solution. An acceptable vehicle or solvent which can be employed may, for example, be water, 
Ringer's solution, isotonic saline and the like. An aseptic non-volatile oil can also be used usually as a solvent or 
suspending medium. For such purpose, any non-volatile oil or fatty acid can be employed, including naturally occurring 
or synthetic or semi-synthetic fatty oil or fatty acid, as well as naturally occurring or synthetic or semi-synthetic mono- 
or di- or tri-glycerides. 

55 [0159] A suppository for rectal administration can be produced by mixing an active ingredient with a suitable non- 
irritating excipient which is solid at ambient temperature but becomes liquid at the temperature in an intestinal tract to 
melt in rectum whereby releasing the active ingredient, such as cocoa butter and polyethylene glycols. 
[0160] A suitable base (e.g. polymer of butyric acid, polymer of glycolic acid, copolymer of butyric acid and glycolic 
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acid, mixture of a polymer of butyric acid and a polymer of glycolic acid, polyglycerol fatty acid ester and the like) may 
be combined to form a sustained release formulation. 

[0161] A solid dosage form for oral administration may, for example, be a powder, granule, tablet, pill, capsule and 
the like, as described above. The formulation of such a dosage form can be produced by mixing and/or kneading an 

5 active compound with at least one of the additives, such as sucrose, milk sugar (lactose), cellulosic saccharide, mannitol 
(D-mannitol), maltitol, dextran, starches (e.g., corn starch), microcrystalline cellulose, agar, alginates, chitins, chi- 
tosans, pectins, tragacanth gums, gum arabic, gelatins, collagens, casein, albumin, synthetic or semi-synthetic poly- 
mers or glycerides. Such a dosage form can further contain additives as usual, including inert diluents, lubricants such 
as magnesium stearate, preservatives such as parabens and sorbic acid, antioxidants such as ascorbic acid, cc-toco- 

10 pherol and cysteine, disintegrants (e.g., croscarmellose sodium), binder (e.g., hydroxypropyl cellulose), thickening 
agents, buffering agents, sweeteners, flavoring agents, perfumes and the like. A tablet and pill may further be enteric- 
coated. An oral liquid formulation may, for example, be a pharmaceutical^ acceptable emulsion, syrup, elixir, suspen- 
sion, solution and the like, which may contain a pharmaceutically customary inert diluent such as water and if desired, 
additives. Such an oral liquid formulation can be produced by mixing an active ingredient, inert diluent and other ad- 

15 ditives if necessary in accordance with a customary method. An oral formulation usually contain about 0.01 to 99% by 
weight, preferably about 0.1 to 90% by weight, usually about 0.5 to 50% by weight of an inventive active compound, 
although the amount may vary depending on the dosage form. 

[0162] The dose in a certain patient is determined considering the age, body weight, general condition, sex, diet, 
administraiton time, administraiton mode, excretion rate, drug combination, degree of the disease treated currently as 
20 well as other factors. 

[0163] A lipid-rich plaque regressing agent containing a compound of the present invention has a low toxicity and 
can be used safely, and its daily dose varies depending on the condition and body weight of the patient, the type of 
the compound and the administration route and, for example, when used as a prophylactic and therapeutic agent 
against hyperlipidemia, it may be about 1 to 500 mg, preferably about 10 to 200 mg as an active ingredient [I] in an 
25 oral formulation, and about 0.1 to 100 mg, preferably about 1 to 50 mg, usually about 1 to 20 mg as an active ingredient 
[I] in a parenteral formulation for an adult (60 kg), a dose within which exhibited no toxicity. 
[0164] The present invention also provides: 

(1 ) a pharmaceutical composition comprising a compound of the present invention with a concomitant drug (here- 
30 inafter referred to as a concomitant formulation), 

(2) a method for regressing a lipid-rich plaque which comprises administering a combination of an effective amount 
of a compound of the present invention and an effective amount of a concomitant drug to a mammal, and, 

(3) a method for preventing and treating acute coronary artery syndrome such as acute myocardial infarction and 
unstable angina, peripheral artery occlusion, restenosis after percutaneous transluminal coronary angioplasty (PT- 

35 CA), hypercholesteremia, atherosclerosis, ischemic heart disease such as myocardial infarction, cerebrovascular 

impairment such as cerebral infarction and apoplexy by administering a combination of an effective amount of a 
compound of the present invention and an effective amount of a concomitant drug to a mammal. 

[0165] A concomitant drug which can be used in combination with a compound of the present invention may, for 
40 example, be the pharmaceutical components other than the inventive compounds described above and other hyperl- 
ipidemia treating agents, diuretics, hypertension treating agents, cardiac failure treating agents, arrhythmia treating 
agents, anticoagulants, antiplatelet agents, diabetes treating agents, HDL increasing agents, unstable plaque stabi- 
lizing agents, vasodilators, vasoconstrictors, hypertensive agents, antibacterial agents, antifungal agents, non-steroidal 
antiinflammatory agents, steroidal agents, immunoregulating agents, antiprotozoal agents, anti-ulcer agents, bron- 
45 chospasmolytic expectorants, sedatives, narcotics, anxiolytic agents, antipsychotic agents, muscle relaxants, antiep- 
ileptic agents, antidepressants, narcotic antagonists, anti-tumor agents, anti-allergic agents, vitamins, vitamin deriva- 
tives, bone-calcium metabolizing agents, osteoporosis treating agents, arthritis treating agents, antirheumatic agents, 
anti-asthmatic agents, pollakiuria/incontinence treating agents, renal failure/nephrosis treating agents, atopic dermatitis 
treating agents, allergic rhinitis treating agents, endotoxin antagonists or antibodies, signal transmission inhibitors, 
so inflammatory mediating effect inhibitors, inflammatory mediating effect inhibiting antibodies, anti-inflammatory medi- 
ating effect inhibitors, anti-inflammatory mediating effect inhibiting antibodies and the like, with hyperlipidemia treating 
agents, diuretics, hypertension treating agents, cardiac failure treating agents, arrhythmia treating agents, anticoagu- 
lants, antiplatelet agents, diabetes treating agents, HDL increasing agents, unstable plaque stabilizing agents being 
preferred. Concomitant drugs other than those described above are specifically those listed below. 

55 

(1) Hyperlipidemia treating agents 

[0166] HMG-CoA reductase inhibitors (e.g., fluvastatin, cerivastatin, atorvastatin and the like), fibrates (e.g., simfi- 
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brate, clofibrate aluminium, clinofibrate, fenofibrate and the like), anion exchange resins (e.g., cholestyramide and the 
like), nicotinic acid formulations (e.g., nicomol, niceritrot, tocopherol nicotinate and the like), polyvalent unsaturated 
fatty acid derivatives (e.g., ethyl icosapentate, polyene phosphatidylcholine, melinamide and the like), vegetable sterols 
(e.g., y-oryzanol, soysterol and the like), elastases, sodium dextran sulfate, squalene synthetase inhibitor, CETP in- 
5 hibitor, ethyl 2-chloro-3-[4-(2-methyl-2-phenylpropoxy)phenyl]propionate [Chem. Pharm. Bull., 38, 2792, 2796 (1990)] 
and the like. 

(2) Diuretics 

10 [0167] Thiazide diuretics (benzylhydro-chlorothiazide, cyclopenthiazide, ethiazide, hydrochlorothiazide, hydroflume- 
thiazide, methyclothiazide, penfluthiazide, polythiazide, trichloromethiazide and the like), loop diuretics (clortharidone, 
clofenamide, indapamide, mefruside, meticrane, sotolazone, tripamide, quinethazone, metolazone, furosemide, me- 
fruside and the like), potassium retaining diuretics (spironolacton, triamterene and the like). 

15 (3) Hypertension treating agents 

[1] Sympathetic nerve suppressants 

[0168] cc 2 stimulants (e.g., clonidine, guanabenz, guanfacine, methyldopa and the like), ganglionic blocking agents 
20 (e.g., hexamethonium, trimethaphan and the like), presynaptic blockers (e.g., alseroxylon, dimethylaminoreserpinate, 
rescinamine, reserpine, syrosingopine and the like), neuron blockers (e.g., betanidine, guanethidine and the like), 
blockers (e.g., bunazosin, doxazocin, prazosin, terazosin, urapidil and the like), p blockers (e.g., propranolol, nadolol, 
timolol, nipradilol, bunitrolol, indenolol, penbutolol, carteolol, carvedilol, pindolol, acebutolol, atenolol, bisoprolol, me- 
toprolol, labetalol, amosulalol, arotinolol and the like). 

[2] Vasodilators 

[0169] Calcium channel antagonists (e.g., manidipine, nicardipine, nilvadipine, nisoldipine, nitrendipine, benidipine, 
amlodipine, aranidipine and the like), phthalazine derivatives (e.g., budralazine, cadralazine, ecarazine, hydralazine, 
30 todralazine and the like) and the like. 

[3] ACE inhibitors 

[0170] Alacepril, captopril, cilazapril, delapril, enalapril, lisinopril, temocapril, trandolapril, quinapril, imidapril, 
35 benazepril, perindopril and the like. 

[4] All antagonists 

[0171] Losartan, candesartan, valsartan, telimisartan, irbesartan, forasartan and the like. 

40 

[5] Diuretics (for example, diuretics described above) 

(4) Cardiac failure treating agents 

45 [0172] Cardiotonic agents (e.g., digitoxin, digoxin, methyldigoxin, lanatoside C, proscillaridine and the like), cc.p- 
stimulants (e.g., epinephrine, norepinephrine, isoproterenol, dopamine, docarpamine, dobutamine, denopamine and 
the like), phosphodiesterase inhibitors (e.g., amrinone, milrinone, olprinone hydrochloride and the like), calcium channel 
sensitivity promoters (e.g., pimobendan and the like), nitrate agents (e.g., nitroglycerin, isosorbide nitrate and the like), 
ACE inhibitors (for example, ACE inhibitors described above), diuretics (for example, diuretics described above), carp- 

50 eritide, ubidecarenone, vesnarinone, aminophylline and the like. 

(5) Arrhythmia treating agents 

[0173] Sodium channel blockers (e.g., quinidine, procainamide, disopyramide, ajimaline, cibenzoline, lidocaine, 
55 dipheriyl hydantoin, mexiletine, propafenone, flecainide, pilsicainide, phenytoin and the like), P-blockers (e.g., pro- 
pranolol, alprenolol, bufetolol, oxprenolol, atenolol, acebutolol, metoprolol, bisoprolol, pindolol, carteolol, arotinolol and 
the like), potassium channel blockers (e.g., amiodarone and the like), calcium channel blockers (e.g., verapamil, 
diltiazem and the like) and the like. 
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(6) Anticoagulants and antiplatelet agents 

[0174] Sodium citrate, activated protein C, tissue factor pathway inhibitors, anti-thrombin III, dalteparin sodium, ar- 
gatroban, gabexate, sodium ozagrel, ethyl icosapentate, beraprost sodium, aiprostadil, pentoxifylline, tisokinase, strep- 
5 tokinase and the like. 

(7) Diabetes treating agents 

[0175] Sulfonyl ureas (e.g., tolbutamide, chlorpropamide, glyclopyramide, acetohexamid, tolazamide, glibenclamide, 
10 glybuzole and the like), biguanides (e.g., metformin hydrochloride, buformin hydrochloride and the like), a-glucosida- 
seinhibitor (e.g., voglibose, acarbose and the like), insulin sensitizer (e.g., pioglitazone, troglitazone and the like), 
insulin, glucagon, diabetic complication treating agent (e.g., epalrestat and 'the like) and the like. 

(8) HDL increasing agents 

15 

[0176] Squalene synthetase inhibitors, CETP inhibitors, LPL activators and the like. 

(9) Unstable plaque stabilizing agents 

20 [0177] MMP inhibitors, kinase inhibitors. 

(10) Vasodilators 

[0178] Oxyphedrine, diltiazem, tolazoline, hexobendine, bamethan, cionidine, methyldopa, guanabenz and the like. 

(11 ) Vasoconstrictors 

[0179] Dopamine, dobutamine denopamine and the like. 

30 (12) Hypertensive agents 

[0180] Dopamine, dobutamine, denopamine, digitoxin, digoxin, methyldigoxin, lanatoside C, G-Strophantin and the 
like. 

35 (1 3) Antibacterial agents 
[1] Sufonamides 

[0181] Sulfamethizole, sulfisoxazole, sulfamonomethoxin, sulfamethizole, salazosulfapyridine, silver sulfadiazine 
40 and the like. 

[2] Quinolones 

[0182] Nalidixic acid, pipemidic acid trihydrate, enoxacin, norfloxacin, ofloxacin, tosufloxacin tosilate, ciprofloxacin 
45 hydrochloride, lomefloxacin hydrochloride, sparfloxacin, fleroxacin and the like. 

[3] Anti-tuberculous agents 

[0183] Isoniazid, ethambuto!(ethambutol hydrochloride), p-aminosalicylic acid (calcium p-aminosalicylate), pyrazi- 
so namide, ethionamide, prothionamide, rifampicin, streptomycin sulfate, kanamycin sulfate, cycloserine and the like. 

[4] Anti acid-fast bacteria agents 

[0184] Diaphenylsulfone, rifampicin and the like. 

55 

[5] Anti-viral agents 

[0185] Idoxuridine, acyclovir, vidarabine, ganciclovir and the like. 
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[6] Anti-HIV agent 

[0186] Zidovudine, didanosine, zafcitabine, indinavir sulfate ethanol adduct, ritonavir and the like. 
5 [7] Anti-spirochete agents 
[8] Antibiotics 

[0187] Tetracyclin hydrochloride, ampicillin, piperacillin, gentamycin, dibekacin, kanendomycin, lividomycin, to- 
10 bramycin, amikacin, fradiomycin, sisomicin, tetracyclin, oxytetracyclin, rolitetracyclin, doxycyclin, ampicillin, piperacillin, 
ticarcillin, cefalotin, cefapirin, cefaloridine, cefaclor, cefalexin, cefroxadine, cefadroxil, cefamandole, cefotoam, cefrox- 
ime, cefotiam, cefotiam hexetil, cefuroxime axetil, cefdinir, cefditoren pivoxil, ceftazidime, cefpiramide, cefsulodin, ce- 
fmenoxime, cefpodoxime proxetil, cefpirome, cefozopran, cefepime, cefsulodin, cefmenoxime, cefmetazole, cefminox, 
cefoxitin, cefbuperazone, latamoxef, flomoxef, cefazolin, cefotaxime, cefoperazon, ceftizoxime, moxalactam, thien- 
15 amycin, sulfazecin, azthreonam and their salts, griseofulvin, lankacidin [J.Antibiotics, 38, 877-885 (1985)] and the like. 

(14) Antifungal agents 
[0188] 

20 

[1] Polyethylene-based antibiotics (e.g., amphotericin B, nystatin, trichomycin). 

[2] Griseofulvin, pyrrolnitrin and the like. 

[3] Cytosine metabilism antagonists (e.g., flucytosine). 

[4] Imidazole derivatives (e.g., econazole, clotrimazole, miconazole nitrate, bifonazole, croconazole). 
25 [5] Triazole derivatives (e.g., fluconazole, itraconazole, azole-based compound [2-[(1 R, 2R)-2-(2,4-difluorophenyl)- 

2-hydroxy-1-methyl-3-(1H-1,2,4-triazoL 4H)-1 ,2,4-tria- 

zolone). 

[6] Thiocarbamic acid derivatives (e.g., trinaphthol). 

[7] Echinocandin-based derivatives (e.g., caspofamgine, FK-463, V-Echinocadin) and the like. 

30 

(15) Non-steroidal antiinflammatory agents 

[0189] Acetaminophen, fenasetin, ethenzamide, sulpyrine, antipyrine, migrenin, aspirin, mefenamic acid, flufenamic 
acid, diclofenac sodium, loxoprofen sodium, phenylbutazone, indomethacin, ibuprofen, ketoprofen, naproxen, oxapro- 
35 zin, flurbiprofen, fenbufen, pranoprofen, floctafenine, epirizol, tiaramide hydrochloride, zaltoprofen, gabexate mesilate, 
camostat mesilate, ulinastatin, colchicine, probenecid, sulfinpyrazone, benzbromarone, allopurinol, sodium gold thi- 
omalate, sodium hyaluronate, sodium salicylate, morphine hydrochloride, salicylic acid, atropine, scopolamine, mor- 
phine, pethidine, levorphanol, ketoprofen, naproxen, oxymorphone and their salts. 

40 (16) Steroidal agents 

[0190] Dexamethasone, hexestrol, methimazole, betamethasone, triamcinolone, triamcinolone acetonide, fluoroci- 
nonide, fluorocinolone acetonide, prednisolone, methylprednisolone, cortisone acetate, hydrocortisone, fluorometh- 
olone, beclometasone dipropionate, estriol and the like.. 

45 

(17) Immunoregulating agents 

[0191] Cyclosporin, tacrolimus, gusperimus, azathioprine, anti-lymph serum, dried sulfonated immunogloburin, 
erythropoietin, colony stimulating factor, interleukin, interferon and the like. 

50 

(18) Antiprotozoal agents 

[0192] Metronidazole, tinidazole, diethylcarbamadine citrate, quinine hydrochloride, quinine sulfate and the like. 
55 (19) Anti-ulcer agents 

[0193] Metoclopramide, histidine hydrochloride, lansoprazole, metoclopramide, pirenzepine, cimetidine, ranitidine, 
famotidine, urogastrine, oxethazaine, proglumide, omeprazole, sucralfate, sulpiride, cetraxate, gefarnate, aldioxa, te- 
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prenone, prostaglandin and the like. 

(20) Bronchospasmolytic expectorants 

[0194] Ephedrine hydrochloride, noscapine hydrochloride, codeine phosphate, dihydrocodeine phosphate, isoprot- 
erenol hydrochloride, ephedrine hydrochloride, methyl ephedrine hydrochloride, noscapine hydrochloride, aroclamide, 
chlorfesianol, picoperidamine, cloperastine, protokylol, isoproterenol, sulbutamol, terbutaline, oxymetebanol, morphine 
hydrochloride, dextromethorphan hydrobromide, oxycodone hydrochloride, dimemorfan phosphate, tipepidine hiben- 
zate, pentoxyverine citrate, clofedanol hydrochloride, benzonatate, guaifenesin, bromhexine hydrochloride, ambroxol 
hydrochloride, acetylcysteine, ethylcysteine hydrochloride, carbocysteine and the like. 

(21) Sedatives 

[0195] Chlorpromazine hydrochloride, atropine sulfate, phenobarbital, barbital, amobarbital, pentobarbital, thiopental 
sodium, thiamylal sodium, nitrazepam, estazolam, flunitrazepam, haloxazolam, triazolam, flunitrazepam, bromovaler- 
ylurea, chloral hydrate, triclofos sodium and the like. 

(22) Anesthetics 
(22-1) Local anesthetics 

[0196] Cocaine hydrochloride, procaine hydrochfodie, lidocaine, dibucaine hydrochloride, tetracaine hydrochloride, 
mepivacaine hydrochloride, bupivacaine hydrochloride, oxybuprocaine hydrochloride, ethyl aminobenzoate, oxethaz- 
aine and the like. 

(22-2) Systemic anesthetics 

[0197] 

[1] Inhalation anesthetics (e.g., ether, halothane, nitrous oxide, enflurane, enflurane), 

[2] Intravenous anesthetics (e.g., ketamine, droperidol, thiopental sodium, thiamylal sodium, pentobarbital) and 
the like. 

(23) Anxiolytic agents 

[0198] Diazepam, lorazepam, oxazepam, chlordiazepoxide, medazepam, oxazolam, cloxazolam, clonazepam, 
prazepam, etizolam, fludiazepam, hydroxyzine and the like. 

(24) Antipsychotic agents 

[0199] Chlorpromazine hydrochloride, prochloroperazine, trifluoperazine, thioridazine hydrochloride, perphenazine 
hydrochloride, perphenazine maleate, fluphenazine enanthate, prochloperazine maleate, levomepromazine maleate, 
promethazine hydrochloride, haloperidol, bromperidol, spiperone, reserpine, clomipramine hydrochloride, sulpiride, 
zotepine and the like. 

(25) Muscle relaxants 

[0200] Pridinol, tubocurarine, pancuronium, tolperisone hydrochloride, chlorphenesin carbamate, baclofen, chlorme- 
zanone, mephenesin, chlozoxazone, eperisone, tizanidine and the like. 

(26) Antiepileptic agents 

[0201] Phenytoin, ethosuximide, acetazolamide, chlordiazepoxide, trimethadione, carbamazepine, phenobarbital, 
primidone, sulthiam, sodium valproate, clonazepam, diazepam, nitrazepam and the like. 

(27) Antidepressants 

[0202] Imipramine, clomipramine, noxiptiline, pheneridine, amitriptyline hydrochloride, nortriptyline hydrochloride, 
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amoxapine, mianserin hydrochloride, maprotiline hydrochloride, sulpiride, fluvoxamine maleate, trazodone hydrochlo- 
ride and the like. 

(28) Anesthetic antagonists 

5 

[0203] Levallorphan, nalorphine, naloxone and their salts and the like. 

(29) Antitumor agents 

10 [0204] 6-0-(N-Chloroacetylcarbamoyl), fumagilol, bleomycin, methotrexate, actinomycin D, mitomycin C, daunoru- 
bicin, adriamycin, neocarcinostatin, cytosine arabinoside, fluorouracil, tetrahydrofuryl-5-fluorouracil, picibanil, lentinan, 
levamisole, bestatin, azimexon, glycyrrhizin, doxorubicin hydrochloride, aclarubicin hydrochloride, bleomycin hydro- 
chloride, peplomycin sulfate, vincristine sulfate, vinblastine sulfate, irinotecan hydrochloride, cyclophosphamide, mel- 
phalan, zisulphan, thiotepa, procarbazine hydrochloride, cisplatin, azathioprine, mercaptoprine, tegafur, carmofur, cy- 

15 tarabine, methyltestosterone, testosterone propionate, testosterone enanthate, mepitiostane, fosfestrol, chlormadi- 
none acetate, leuproline acetate, buserelin acetate and the lite. 

(30) Anti-allergic agents 

20 [0205] Diphenhydramine, chlorphenyramine, tripelennamine, methodiramine, clemizole, diphenylpyraline, methox- 
yphenamine, sodium cromoglicate, traniiast, repirinast, amlexanox, ibudilast, ketotifen, terfenadine, mequitazine, aze- 
lastine, epinastine, ozagrel hydrochloride, pranlukast hydrate, seratrodast and the like. 

(31) Lipid-soluble vitamins 

25 

[0206] 

[1] Vitamin As: Vitamin A v Vitamin A 2 and retinol palmitate. 
[2] Vitamin Ds: Vitamin D 1 , D 2 , D 3 , D 4 and D 5 . 
30 [3] Vitamin Es: ot-tocopherol, p-tocopherol, ^-tocopherol, 5-tocopherol, dl-a-tocopherol nicotinate. 

[4] Vitamin Ks: Vitamin K 1( K 2 , K 3 and K 4 . 
[5] Folic acid (vitamin M) and the like. 

(32) Vitamin derivatives 

35 

[0207] Various vitamin derivatives such as vitamine D 3 derivarives including 5,6-trans-cholecalciferol, 2,5-hydroxy- 
cholecalciferol, 1-ct-hydroxycholecalciferol and the like, vitamin D 2 derivatives including 5,6-trans-ergocalciferol and 
the like. 

40 (33) Anti-asthmatic agents 

[0208] Isoprenaline hydrochloride, salbutamol sulfate, procaterol hydrochloride, terbutaline sulfate, trimetoquinol hy- 
drochloride, tubobuterol hydrochloride, orciprenaline sulfate, fenoterol hydrobromide, ephedrine hydrochloride, iprat- 
ropium bromide, oxitropium bromide, flutropium bromide, theophylline, aminophylline, sodium cromoglicate, traniiast, 
45 repirinast, amlexanox, ibudilast, ketotifen, terfenadine, mequitazine, pranlukast hydrate, seratrodast, dexamethasone, 
prednisolone, hydrocortisone, beclometaason dipropionate and the like, 

(34) Pollakiuria/incontinence treating agents 
so [0209] Flavoxate hydrochloride and the like. 

(35) Atopic dermatitis treating agents 
[0210] Sodium cromoglicate and the like. 

55 

(36) Allergic rhinitis treating agents 

[0211] Sodium cromoglicate, chlorphenyramine maleate, alimemazine tartrate, clemastine fumarate, homochlorcy- 
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clizine hydrochloride, terfenadine, mequitazine and the like. 
(37) Others 

[0212] Hydroxycam, diaserine, megestrol acetate, nicergoline, plostaglandlns and the like. 

[0213] By means of a combination of a compound of the present invention with a concomitant drug, for example, the 
following effects are experienced. 

(1 ) The dose or the side effect of a compound of the present invention or a salt thereof or a prodrug thereof and 
a concomitant drug can be lower than those when given alone. 

(2) A synergistic therapeutic effect can be obtained against acute coronary artery syndrome such as acute myo- 
cardial infarction and unstable angina, peripheral artery occlusion, restenosis after percutaneous transluminal cor- 
onary angioplasty (PTCA), hypercholesteremia, atherosclerosis, ischemic heart disease such as myocardial inf- 
arction and angina pectoris, cerebrovascular impairment such as cerebral infarction and apoplexy as well as throm- 
bus formation. 

(3) A wide therapeutic effect can be obtained against various diseases accompanied with diseases developed in 
association with acute coronary artery syndrome such as acute myocardial infarction and unstable angina, periph- 
eral artery occlusion, restenosis after percutaneous transluminal coronary angioplasty (PTCA), hypercholestere- 
mia, atherosclerosis, ischemic heart disease such as myocardial infarction and angina pectoris, cerebrovascular 
impairment such as cerebral infarction and apoplexy as well as thrombus formation. 

[0214] When using a compound of the present invention in combination with a concomitant drug, the timings of the 
administrations of the compound of the present invention and the concomitant drug are not particularly limited, and 
the compound of the present invention or its pharmaceutical composition and the concomitant drug or its pharmaceu- 
tical composition can be given to a subject simultaneously or at a certain time interval. The dose of a concomitant drug 
may be in accordance with a dose employed clinically, and selected appropriately depending on the target, route, 
disease, combination and the like. 

[0215] The administration mode of the concomitant formulation of the present invention is not particularly limited, 
provided that the compound of the present invention and the concomitant drug are combined upon administration. 
Such an administration mode may, for example, be (1 ) an administration of a single formulation obtained by formulating 
a compound of the present invention and a concomitant drug simultaneously, (2) a simultaneous administration via an 
identical route of two formulations obtained by formulating a compound of the present invention and a concomitant 
drug separately, (3) a sequential and intermittent administration via an identical route of two formulations obtained by 
formulating a compound of the present invention and a concomitant drug separately, (4) a simultaneous administration 
via different routes of two formulations obtained by formulating a compound of the present invention and a concomitant 
drug separately, (5) a sequential and intermittent administration via different routes of two formulations obtained by 
formulating a compound of the present invention and a concomitant drug separately (for example, inventive compound 
or its pharmaceutical composition followed by concomitant drug or its pharmaceutical composition, or inverse order) 
and the like. 

[0216] A concomitant formulation of the present invention has a low toxicity, and thus a compound of the present 
invention and/or a concomitant drug described above are mixed with a pharmacologically acceptable carrier in accord- 
ance with a method known per se to form a pharmaceutical composition, for example, a tablet (including sugar-coated 
and film-coated tablets), powder, granule, capsule (including soft capsule), solution, injection formulation, suppository, 
sustained release formulation and the like, which can safely be given orally or parenterally (e.g., topically, rectally, 
intravenously). An injection formulation may be given intravenously, intramuscularly, subcutaneously, into an organ, 
or directly into a lesion. 

[0217] A pharmacologically acceptable carrier which may be employed for producing a concomitant formulation of 
the present invention may, for example, be various organic and inorganic carrier materials employed customarily as 
pharmaceutical materials such as excipients, lubricants, binders and disintegrants in a solid formulation, solvents, 
dissolution aids, suspending agents, isotonicity imparting agents, bufferring agents and analgesic agents in a liquid 
formulation. Furthermore, other additives such as ordinary preservatives, antioxidants, colorants, sweeteners, adsorb- 
ents, wetting agents may also be added in suitable amounts. 

[0218] An excipient may, for example, be lactose, sugar, D-mannitol, starch, corn starch, crystalline cellulose, light 
silicate anhydride and the like. 

[0219] A lubricant may, for example, be magnesium stearate, calcium stearate, talc, colloidal silica and the like. 
[0220] A binder may, for example, be crystalline cellulose, sugar, D-mannitol, dextrin, hydroxypropyl cellulose, hy- 
droxypropylmethyl cellulose, polyvinyl pyrroiidone, starch, sucrose, gelatin, methyl cellulose, sodium carboxymethyl 
cellulose and the like. 
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[0221] Adisintegrant may, for example, be starch, carboxymethyl cellulose, calcium carboxymethyl cellulose, sodium 
carboxymethyl starch, L-hydroxypropyl cellulose and the like. 

[0222] A solvent may, for example, be water for injection, alcohol, propylene glycol, macrogol, sesame oil, corn oil, 
olive oil and the like. 

5 [0223] A dissolution aid may, for example, be polyethylene glycol, propylene glycol, D-mannitol, benzyl benzoate, 
ethanol, trisaminomethane, cholesterol, triethanolamine, sodium carbonate, sodium citrate and the like. 
[0224] A suspending agent may, for example, be a surfactant such as stearyl triethanolamine, sodium lauryl sulfate, 
laurylaminopropionic acid, lecithin, benzalkonium chloride, benzethonium chloride, glycerin monostearate and the like; 
hydrophilic polymer such as polyvinyl alcohol, polyvinyl pyrrolidone, sodium carboxymethyl cellulose, methyl cellulose, 

10 hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose and the like. 

[0225] An isotonicity imparting agent may, for example, be glucose, D-sorbitol, sodium chloride, glycerin, D-mannitol 
and the like. 

[0226] A buffering agent may, for example, be a buffer solution of a phosphate, acetate, carbonate, citrate and the like. 
[0227] An analgesic may, for example, be benzyl alcohol. 
15 [0228] A preservative may, for example, be a p-oxy benzoate, chlorobutanol, benzyl alcohol, phenethyl alcohol, de- 
hydroacetic acid, sorbic acid and the like. 

[0229] An antioxidant may, for example, be a sulfite, ascorbic acid, a-tocopherol and the like. 
[0230] The ratio between a compound of the present invention and a concomitant drug in a concomitant formulation 
of the present invention may be selected appropriately on the basis of the target, route and disease. 
20 [0231] For example, the amount of a compound of the present invention contained in a concomitant formulation of 
the present inventionis usually about 0.01 to 100 % by weight, preferably about 0.1 to about 50 % by weight, more 
preferably about 0.5 to about 20 % by weight based on the entire formulation, although it may vary depending on the 
dosage form. 

[0232] The amount of an concomitant drug contained in a concomitant formulation of the present invention is usually 
25 about 0.01 to 100 % by weight, preferably about 0.1 to about 50 % by weight, more preferably about 0.5 to about 20 

% by weight based on the entire formulation, although it may vary depending on the dosage form. 

[0233] The amount of an additive such as a carrier contained in a concomitant formulation of the present inventionis 

usually about 1 to about 99.99 % by weight, preferably about 1 0 to about 90 % by weight based on the entire formulation, 

although it may vary depending on the dosage form. 
30 [0234] Similar amounts may be employed also when a compound of the present invention and a concomitant drug 

are formulated separately. 

[0235] Such a formulation can be produced by a method known per se which is employed usually in a pharmaceutical 
process. 

[0236] For example, a compound of the present invention and a concomitant drug can be formulated with a dispersant 

35 (e.g., Tween 80 (ATLAS POWDER, USA), HCO60 (NIKKO CHEMICALS), polyethylene glycol, carboxymethyl cellu- 
lose, sodium alginate, hydroxypropyl methyl cellulose, dextrin), a stabilizer (e.g., ascorbic acid, sodium pyrosulfite), a 
surfactant (e.g., polysorbate 80, macrogol), a solubilizing agent (e.g., glycerin, ethanol), a buffering agent (phosphoric 
acid and its alkali metal salt, citric acid and its alkali metal salt and the like), an isotonizing agent (e.g., sodium chloride, 
potassium chloride, mannitol, sorbitol, glucose), a pH modifier (e.g., hydrochloric acid, sodium hydroxide^ a preserv- 

40 ative (e.g., ethyl p-oxy benzoate, benzoic acid, methylparabene, propylparabene, benzyl alcohol), a solubilizer (e.g., 
concentrated glycerin, meglumine), a solubilizing aid (e.g., propylene glycol, sugar), an analgesic (e.g., glucose, benzyl 
alcohol) into an aqueous formulation for injection, or dissolved, suspended or emulsified in a vegetable oil such as 
olive oil, sesame oil, cottonseed oil and corn oil and in a solubilizing aid such as propylene glycol to form an oily 
formulation, whereby producing an injection formulation. 

45 [0237] In order to obtain an oral dosage form, a method known per se is employed to compact an inventive compound 
or a concomitant drug for example with an excipient (e.g., lactose, sugar, starch), a disintegrant (e.g., starch, calcium 
carbonate), a binder (e.g., starch, gum Arabic, carboxymethyl cellulose, polyvinyl pyrrolidone, hydroxypropyl cellulose) 
or a glidant (e.g., talc, magnesium stearate, polyethylene glycol 6000) into a desired shape, which is then, if necessary, 
coated for the purpose of a taste masking, an enteric property or a sustained release performance by means of a 

50 coating method known per se, whereby obtaining an oral dosage form. Such a coating may, for example, be hydrox- 
ypropylmethyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, polyoxyehtylene glycol, 
Tween 80, Pluronic F68, cellulose acetate phthalate, hydroxypropylmethyl cellulose phthalate, hydroxymethyl cellulose 
acetate succinate, Eudragit (Rohm, German, methacrylic/acrylic acid copolymer) and a colorant (e.g., iron oxide red, 
titanium dioxide). An oral dosage form may be an instantaneous release formulation or a sustained release formulation. 

55 [0238] For example, in order to obtain a suppository, a method known per se is employed to convert an inventive 
compound or concomitant drug into an oily or aqueous solid, semi-solid or liquid suppository. An oily base employed 
in a composition described above may, for example, be a higher fatty acid glyceride [e.g., cocoa butter, UITEPSOL 
(DYNAMITE NOVEL, Germany)], a medium fatty acid [e.g., MIGRIOL (DYNAMITE NOVEL, Germany)], or a vegetable 
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oil (e.g., sesame oil, soybean oil, cottonseed oil). An aqueous base may, for example, be polyethylene glycol and 
propylene glycol, and an aqueous gel base may, for example, be natural gums, cellulose derivatives, vinyl polymers 
and acrylic acid polymers. 

[0239] A sustained release formulation described above may, for example, be a sustained-release microcapsule. 
5 [0240] While a sustained-release microcapsule can be obtained by a method known per se, a sustained release 
formulation shown in Section [2] described below is formed and administered in a preferred case. 
[0241] An compound of the present invention is preferably formulated as an oral dosage form such as a solid for- 
mulation (e.g., powder, granule, tablet, capsule), or as a rectal formulation such as a suppository. An oral dosage form 
is particularly preferred. 

10 [0242] A concomitant drug can be formulated into a dosage form described above based on the type of the drug. 
[0243] The followings are the descriptions with regard to [1] an injection formulation of a compound of the present 
invention or a concomitant drug and a method for producing the same, [2] a sustained-release or immediate release 
formulation of a drug of a compound of the present invention or a concomitant drug and a method for producing the 
same, [3] a sublingual, buccal or oral instantaneous disintegration formulations employing of a compound of the present 

15 invention or a concomitant drug and a method for producing the same, and [4] a solid dispersion of a compound of the 
present invention or a concomitant drug and a method for producing the same. 

[1] Injection formulation and method for producing the same 

20 [0244] A solution obtained by dissolving a compound of the present invention or a concomitant drug in water is 
employed preferably. Such injection formulation may contain a benzoate and/or a salicylate. 

[0245] Said injection formulation is obtained by dissolving a compound of the present invention or a concomitant 
drug in water together with a benzoate and/or a salicylate in water as desired. 

[0246] A benzoate and/or a salicylate described above may be an alkali metal salt such as sodium and potassium 
25 salts, an alkaline earth metal salt such as calcium and magnesium salts, an ammonium salt, a meglumine salt as well 
as a salt of an organic acid such as trometamol. 

[0247] The concentration of a compound of the present invention or a concomitant drug in a injection formulation is 
0.5 to 50 w/v %, preferably about 3 to 20 w/v %. The concentration of a benzoate and/or a salicylate is 0.5 to 50 w/v 
%, preferably 3 to 20 w/v %. 

30 [0248] The formulation may contain additives employed customarily in a injection formulation, such as a stabilizer 
(ascorbic acid, sodium pyrosulfite and the like), a surfactant (polysorbate 80, macrogol and the like), a solubilizing 
agent (glycerin, ethanol and the like), a buffering agent (phosphoric acid and its alkali metal salt, citric acid and its alkali 
metal salt and the like), an isotonizing agent (sodium chloride, potassium chloride and the like), a dispersing agent 
(hydroxypropylmethyl cellulose, dextrin), a pH modifier (hydrochloric acid, sodium hydroxide and the like), a preserv- 

35 ative (ethyl p-oxybenzoate, benzoic acid and the like), a solubilizer (concentrated glycerin, meglumine and the like), a 
solubilizing aid (propylene glycol, sugar and the like), a painkiller (glucose, benzyl alcohol and the like) as appropriate. 
Any of these additives is added in an amount employed customarily in a formulation for injection. 
[0249] The pH of an injection formulation is adjusted at 2 to 12, preferably 2.5 to 8.0 with a pH modifier. 
[0250] An injection formulation is obtained by dissolving a compound of the present invention or a concomitant drug 

40 if desired together with a benzoate and/or salicylate in water if desired together with the additives listed above. These 
components may be dissolved in any order as appropriate similarly to a customary preparation of a formulation for 
injection. 

[0251] An aqueous solution for injection is preferably warmed, and given as a formulation for injection after sterilizing 
by filtration or autoclave similarly to a customary formulation for injection. 
45 [0252] An aqueous solution for injection is preferably autoclaved at 100 to 121°C for 5 to 30 minutes. 

[0253] A formulation may be present as a solution imparted with an antibacterial activity for the purpose of using 
several times in divided doses. 



[2] Sustained-release or immediate release formulation and method for producing the same 

50 

[0254] A sustained release formulation obtained by coating a core containing a compound of the present inventiond 
or a concomitant drug with a coating agent such as a water-insoluble material or a swelling polymer as desired is 
employed preferably. For example, a sustained-release oral formulation of a single daily dose is preferred. 
[0255] A water-insoluble material employed as a coating agent may, for example, be cellulose ethers such as ethyl 
55 cellulose and butyl cellulose, cellulose esters such as cellulose acetate and cellulose propionate, polyvinyl esters such 
as polyvinyl acetate and polyvinyl butyrate, acrylic acid-based polymers such as an acrylic acid/methacrylic acid co- 
polymer, a methyl methacrylate copolymer, an ethoxyethyl methacrylate/cinnamoethyl methacrylate/aminoalkyl meth- 
acrylate copolymer, polyacrylicacid, polymethacrylic acid, a metacrylic acid alkylamide copolymer, a poly(methyl meth- 
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acrylate), a polymethacrylate, a polymethacrylamide, an aminoalkyl methacrylate copolymer, a poly(methacrylic an- 
hydride), a glycidyl methacrylate copolymer, especially, a series of Eudragit (Rohm Pharma) such as Eudragit RS-100, 
RL-100, RS-30D, RL-30D, RL-PO, RS-PO (ethyl acryl ate/methyl methacrylate/chlorotrimethyl methacrylate/ethyl am- 
monium copolymer) and Eudragit NE-30D (methyl methacrylate/ethyl acrylate copolymer), hydrogenated oils such as 
5 a hydrogenated castor oil (e.g., Lubri wax (FREUND), waxes such as carnauba wax, a fatty acid glycerin ester and 
paraffin and a polyglycerin fatty acid ester. 

[0256] As a swelling polymer, a polymer having an acidic leaving group and exhibiting a pH-dependent swelling is 
preferred, and an acidic leaving group-bearing polymer which undergoes a less swelling at an acidic pH such as in 
stomach but is swollen extensively at a neutral pH such as in small and large intestines is preferred. 

10 [0257] Such polymer having an acidic leaving group and exhibiting a pH-dependent swelling may, for example, be 
a crosslinked polyacrylic acid polymer such asCarbomers 934P, 940, 941, 974P, 980, 1342 and the like, Polycarbophil 
and Carcium Polycarbophil (BF Goodrioch), HIBIS Wakos 103, 104. 105 and 304 (Wako Pure Chemical). 
[0258] A coating agent employed in a sustained release formulation may further contain a hydrophilic material. 
[0259] Such hydrophilic material may, for example, be a polysaccharide which may have a sulfate group such as 

15 pullulan, dextrin and alkali metal alginates, a polysaccharide having a hydroxyalkyl group or a carboxyalkyl group such 
as hydroxypropyl cellulose, hydroxypropylmethyl cellulose and sodium carboxymethyl cellulose as well as methyl cel- 
lulose, polyvinyl pyrrolidone, polyvinyl alcohol and polyethylene glycol. 

[0260] The water-insoluble material content in a coating agent of a sustained release formulation is about 30 to about 
90 % (w/w), preferably about 35 to about 80 % (w/w), more preferably about 40 to about 75 % (w/w), and the swelling 

20 polymer content is about 3 to about 30 % (w/w), preferably about 3 to about 1 5 % (w/w). A coating agent may further 
contain a hydrophilic material, the content of which in the coating is about 50 % (w/w) or less, preferably about 5 to 
about 40 % (w/w), more preferably about 5 to about 35 % (w/w). A % (w/w) referred here means a % by weight based 
on the coating composition which is the remainder of the coating solution after deleting any solvent (e.g., water and a 
lower alcohol such as methanol and ethanol). 

25 [0261] A sustained release formulation is produced, as exemplified below, by preparing a core containing a drug 
followed by coating a resultant core with a coating solution obtained by melting a water-insoluble material or a swelling 
polymer or by dissolving or dispersing such material in a solvent. 

I. Drug-containing core preparation 

30 

[0262] While a coated drug-containing core (hereinafter sometimes referred to simply as a core) may be in any 
nonlimiting shape, it is formed preferably as a particle such as a granule or a fine particle. 

[0263] When a core is a granule or a fine particle, it has a mean particle size preferable of about 150 to 2,000 |im, 
more preferably about 500 to 1 ,400 u.m. 
35 [0264] A core can be prepared by a standard method. For example, a drug is combined with suitable excipient, 
binder, disintegrant, glidant, stabilizer and the like, and then subjected to a wet extrusion granulation or a fluidized bed 
granulation. 

[0265] The drug content in a core is about 0.5 to about 95 % (w/w), preferably about 5.0 to about 80 % (w/w), more 
preferably about 30 to about 70 % (w/w). 
40 [0266] An excipient contained in a core may, for example, be a saccharide such as sucrose, lactose, mannitol and 
glucose, starch, crystalline cellulose, calcium phosphate and corn starch. Among these, crystalline cellulose and corn 
starch are preferred. 

[0267] A binder may, for example, be polyvinyl alcohol, hydroxypropyl cellulose, polyethylene glycol, polyvinyl pyr- 
rolidone, Pluronic F68, gum Arabic, gelatin and starch. A disintegrant -may, for example, be calcium carboxymethyl 

45 cellulose (ECG505), sodium croscarmellose (Ac-Di-Sol), crosslinked polyvinyl pyrrolidone (crospovidone) and a low- 
substituted hydroxypropyl cellulose (L-HPC). Among these, hydroxypropyl cellulose, polyvinyl pyrrolidone and a low- 
substituted hydroxypropyl cellulose are preferred. A glidant and an anticoagulant may, for example, be talc, magnesium 
stearate and its inorganic salts, and a lubricant may, for example, be polyethylene glycol. A stabilizer may, for example, 
be an acid such as tartaric acid, citric acid, succinic acid, fumaric acid and maleic acid. 

so [0268] In addition to the methods described above, other methods can be employed to form a core, such as an 
agitating granulation method wherein an inert carrier particle as a seed for the core is sprayed with a binder dissolved 
in a suitable solvent such as water and a lower alcohol (e.g., methanol and ethanol) with being supplemented portion- 
wise with a drug or a mixture thereof with an excipient and a glidant as well as a pan coating method, a fluidized bed 
coating method and a melting granulation method. An inert carrier particle -may, for example, be one prepared from 

55 sugar, lactose, starch, crystalline cellulose and waxes, and has a mean particle size preferably of about 100 u.m to 
about 1 ,500 urn. 

[0269] In order to separate a drug contained in a core from a coating, the surface of the core may be covered with 
a protective material. Such protective material may, for example, be a hydrophilic material described above and a 
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water-insoluble material A preferred protective material is polyethylene glycol or a polysaccharide having a hydroxy- 
alkyl group or a carboxyalkyl group, more preferably, hydroxy propyl methyl cellulose and hydroxypropyl cellulose. The 
protective material may contain, as a stabilizer, an acid such as tartaric acid, citric acid, succinic acid, fumaric acid and 
maleic acid, as well as a glidant such as talc. A protective material, when employed, is coated at a rate of about 1 to 
5 about 1 5 % (w/w), preferably about 1 to about 1 0 % (w/w), more preferably about 2 to about 8 % (w/w) based on a core. 
[0270] A protective material can be coated by a standard coating method, and specifically a core is spray-coated 
with the protective material by a fluidized bed coating method and a pan coating method. 

II. Coating of core with coating agent 

10 

[0271] A core obtained as described above in Section I is coated with a coating solution containing a water-insoluble 
material, a pH-dependent swelling polymer and a hydrophilic material being melted therein by heating or being dis- 
solved or dispersed in a solvent to obtain a sustained release formulation. 

[0272] A method for coating a core with a coating solution may, for example, be a spray coating. 
15 [0273] The ratio between a water-insoluble material, a swelling polymer and a hydrophilic material in a coating so- 
lution may be selected appropriately in such a manner that respective contents in the coating become those specified 
above. 

[0274] The rate of coating agent is about 1 to about 90 % (w/w), preferably about 5 to about 50 % (w/w), more 
preferably about 5 to about 35 % (w/w) based on the core (excluding the protective material coating). 

20 [0275] A solvent for a coating solution is water or an organic solvent, which may be employed alone or in combination 
with each other. The ratio between water and the organic solvent when being employed in combination (water/organic 
solvent: weight ratio) may vary from 1 to 100 %, and is preferably 1 to about 30 %. While said organic solvent is not 
limited particularly as long as it can dissolve a water-insoluble material, it may, for example, be a lower alcohol such 
as methyl alcohol, ethyl alcohol, isopropyl alcohol and n-butyl alcohol, a lower alkanone such as acetone, as well as 

25 acetonitrile, chloroform, ethylene chloride and the like. Among those listed above, a lower alcohol is preferred, with 
ethyl alcohol and isopropyl alcohol being especially preferred. Water and a mixture of water and an organic solvent 
are employed preferably as solvents for a coating. In such a case, an acid such as tartaric acid, citric acid, succinic 
acid, fumaric acid and maleic acid may be added to the coating solution for the purpose of stabilizing the coating solution. 
[0276] When the coating is effected by a spray coating, a standard coating method can be employed, and specifically 

30 a core is sprayed with a coating by a fluidized bed coating method and a pan coating method. During this process, a 
lubricant such as talc, titanium oxide, magnesium stearate, calcium stearate and light silicic anhydride and a plasticizer 
such as glycerin fatty ester, hardened castor oil, triethyl citrate, cetyl alcohol and stearyl alcohol may also be added. 
[0277] After coating with a coating agent, an antistatic agent such as a talc may also be incorporated if necessary. 
[0278] An instantaneous release formulation may be a liquid (solution, suspension, emulsion) or a solid (particle, 

35 pj||, tablet). While an oral formulation and a parenteral formulation such as an injection formulation may be employed, 
an oral formulation is preferred. 

[0279] An instantaneous release formulation may usually contain, a carrier, additive and excipient (hereinafter some- 
times abbreviated as excipient) which are employed customarily in the pharmaceutical field, in addition to a drug which 
is an active ingredient. Such a formulation excipient is not limited particularly as long as it is an excipient employed 

to usually as a formulation excipient. For example, an excipient for an oral solid formulation may be lactose, starch, corn 
starch, crystalline cellulose (Asahi Kasei, Avicel PH101 and the like), powder sugar, granulated sugar, mannitol, light 
silicic anhydride, magnesium carbonate, calcium carbonate, L-cysteine and the like, with corn starch and mannitol 
being preferred. Any of these excipients may be employed alone or in combination with each other. The amount of an 
excipient may, for example, be about 4.5 to about 99.4 w/w %, preferably about 20 to about 98.5 w/w %, more preferably 

45 about 30 to about 97 w/w %, based on the entire amount of an instantaneous release formulation. 

[0280] The drug content in an instantaneous release formulation may be selected within the range from about 0.5 
to about 95 %, preferably about 1 to about 60 %, based on the entire amount of an instantaneous release formulation. 
[0281] An oral solid instantaneous release formulation contains a disintegrant in addition to the ingredients described 
above. Such a disintegrant may, for example, be calcium carboxymethyl cellulose (GOTOKUYAKUHIN, ECG505), 

50 sodium croscarmellose (for example, Asahi Kasei, Ac-Di-Sol), crospovidone (for example, BASF, Coridon CL), low- 
substituted hydroxypropyl cellulose (Shin-Etsu Chemical K.K.), carboxymethyl starch (Matsutani Chemical Industry K. 
K.), sodium carboxymethyl starch (Kimura Industy K.K., EXORITAB), partial a starch (Asahi Kasei, PCS) and the like, 
any of which may, for example, be brought into contact with water to effect water absorption or swelling, or to make a 
channel between a core-forming active ingredient and an excipient, whereby disintegrating a granule. Any of these 

55 disintegrants may be employed alone or in combination with each other. While the amount of a disintegrant to be 
incorporated may be selected appropriately based on the type and the amount of the drug employed, it may, for example, 
be about 0.05 to about 30 w/w %, preferably about 0.5 to about 1 5 w/w % based on the entire amount of an instantaneous 
release formulation. 
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[0282] An oral solid instantaneous release formulation contains additives employed customarily in a solid formulation 
if desired in addition to the components described above. Such additives may, for example, be binders (for example, 
sucrose, gelatin, powdery gum Arabic, methyl cellulose, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, car- 
boxymethyl cellulose, polyvinylpyrrolidone, pulluran, dextrin), lubricants ( for example, polyethylene glycol, magnesium 

5 stearate, talc, light silicic anhydride (for example, aerosil (NIPPON AEROSIL)), surfactants (for example, anionic sur- 
factants such as sodium alkylsulfate, nonionic surfactants such as polyoxyethylene fatty ester and polyoxyethylene 
sorbitan fatty ester, polyoxyethylene castor oil derivatives), colorants (for example, tar-based colorants, caramel, red 
ocher, titanium oxide, ribofravin), if necessary together with seasonings (for example, sweetener and flavor), adsorb- 
ents, preservatives, wetting agents, antistatic agents and the like. As a stabilizer, an organic acid such as tartaric acid, 

10 citric acid, succinic acid and fumaric acid may also be added. 

[0283] A binder described above are preferably hydroxypropyl cellulose, polyethylene glycol and polyvinylpyrro- 
lidone. 

[0284] An instantaneous formulation can be prepared based on an ordinary formulation technology by mixing the 
components described above and kneading if necessary and then molding. Such a mixing may be accomplished by 
15 an ordinary method, such as mixing and kneading. Typically, when an instantaneous release formulation is formed as 
a particle, then a method similar to that for preparing a core of a sustained release formulation described above is 
employed to mix the materials using a vertical granulator, multipurpose kneader (HATAKE TEKKOSHO), fluidized bed 
granulator FD-5S (Powrex) and the like, after which a granulation is effected using a wet extrusion granulation or a 
fluidized bed granulation. 

20 [0285] Each of an instantaneous release formulation and a sustained release formulation thus obtained may be 
formulated separately by a standard method as it is or in combination with an excipient as appropriate and then provided 
as a final formulation for simultaneous administration or intermittent sequential administration, or the both may be 
formulated in a single oral formulation (e.g., granule, fine powder, tablet, capsule) as they are or in combination with 
an excipient as appropriate. The both formulation may be formulated also as granules or fine powders, which are then 

25 filled in a single capsule for oral administration. 

[3] Sublingual, buccal or intraoral instantaneous disintegration formulations and method for producing the same 

[0286] Any of sublingual, buccal or intraoral instantaneous disintegration formulations may be a solid formulation 

30 such as a tablet, or may be an oral mucosa plaster (film). 

[0287] Each of sublingual, buccal or intraoral instantaneous disintegration formulations is preferably a formulation 
containing an inventive compound or a concomitant drug together with an excipient. An auxiliary agent may also be 
contained such as a lubricant, iotonizing agent, hydrophilic carrier, water-dispersible polymer and stabilizer. For the 
purpose of promoting the absorption and enhancing the bioavailability, p-cyclodextrin or p-cyclodextrin derivatives (e. 

35 g. t hydroxypropyl-p-cyclodextrin) may also be contained. 

[0288] Such an excipient -may, for example, be lactose, sugar, D-mannitol, starch, crystalline cellulose, light silicic 
anhydride and the like. A lubricant may, for example, be magnesium stearate, calcium stearate, talc, colloidal silica 
and the like, with magnesium stearate and colloidal silica being preferred. An iotonizing agent may, for example, be 
sodium chloride, glucose, fructose, mannitol, sorbitol, lactose, saccharose, glycerin and urea, with mannitol being 

40 preferred especially. A hydrophilic carrier may, for example, be a swelling hydrophilic carrier such as a crystalline 
cellulose, ethyl cellulose, crosslinked polyvinyl pyrrolidone, light silicic anhydride, silicic acid, dicalcium phosphate, 
calcium carbonate and the like, with a crystalline cellulose (e.g., microcrystalline cellulose) being preferred. A water- 
dispersible polymer - may, for example, be a gum (e.g., tragacanth gum, acacia gum, guar gum), alginate (e.g., sodium 
alginate), cellulose derivative (e.g., methyl cellulose, carboxymethyl cellulose, hydroxymethyl cellulose, hydroxypropyl 

45 cellulose, hydroxypropylmethyl cellulose), gelatin, water-soluble starch, poiyacrylic acid (e.g., carbomer), polymeth- 
acrylic acid, polyvinyl alcohol, polyethylene glycol, polyvinylpyrrolidone, polycarbophil, ascorbate palmitate ester and 
the like, with hydroxypropylmethyl cellulose, poiyacrylic acid, alginate, gelatin, carboxymethyl cellulose, polyvinylpyr- 
rolidone and polyethylene glycol being preferred. Hydroxypropylmethyl cellulose is especially preferred. A stabilizer 
may, for example, be cysteine, thiosorbitol, tartatic acid, citric acid, sodium carbonate, ascrobic acid, glycine and sodium 

50 sulfite, with citric acid and ascorbic acid being preferred especially. 

[0289] Each of sublingual, buccal or intraoral instantaneous disintegration formulations can be produced by mixing 
an inventive compound or concomitant drug with an excipient by a method known per se. If desired, an auxiliary agent 
described above, such as lubricant, iotonizing agent, hydrophilic carrier, water-dispersible polymer, stabilizer, colorant, 
sweetener and preservative, may also be incorporated. After mixing the components described above simultaneously 

55 or at a certain time interval, the mixture is compacted and molded into each of sublingual, buccal or intraoral instan- 
taneous disintegration formulations. For the purpose of obtaining a suitable hardness, a solvent such as water and 
alcohol may be employed to wet the mixture before or after the tablet impaction, and then dried finally. 
[0290] When a oral mucosa plaster (film) is to be molded, an inventive compound or concomitant drug and a water- 
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dispersible polymer (preferably, hydroxypropyl cellulose, hydroxypropylmethyl cellulose) and excipient described 
above are dissolved in a solvent such as water, and then the resultant solution is casted into a film. Additives may also 
be added such as plasticizers, stabilizers, antioxidants, preservatives, colorants, buffering agents and sweeteners. A 
glycol such as polyethylene glycol or propylene glycol may be added for the purpose of imparting a film with an appro- 

5 priate elasticity, and a bioadhesive polymer (e.g., polycarbophile, carbopol) may be added for the purpose of enhancing 
the adhesion of the film to the oral mucosal lining. The casting may be accomplished by pouring a solution onto a non- 
adhesive surface, spreading the solution using a coater such as a doctor blade into a uniform thickness (preferably 
about 10 to 1000 microns), and then drying the solution to form a film. The film thus formed is dried at room temperature 
or with warming, and then cut into pieces each having a desired surface area. 

10 [0291] A preferred intraoral instantaneous disintegration formulation may, for example, be a rapid diffusion formula- 
tion in the form of a solid network consisting of an inventive compound or concomitant drug together with a water- 
soluble or water-diffusable carrier which is inert to the inventive compound or concomitant drug. Said network is ob- 
tained by sublimating a solvent from a solid composition consisting of a solution of an inventive compound or concom- 
itant drug in a suitable solvent. 

15 [0292] In addition to an inventive compound or concomitant drug, a matrix-forming agent and a secondary component 
are contained preferably in the composition of said intraoral instantaneous disintegration formulation. 
[0293] Said matrix-forming agents may, for example, be an animal or vegetable protein such as a gelatin, dextrin 
and soybean, wheat and psyllium seed proteins; a gummy material such as gum Arabic, guar gum, agar and xanthane 
gum; polysaccharide; alginate; carboxymethyl cellulose; carrageenan; dextran; pectin; synthetic polymer such as pol- 

20 yvinylpyrrolidone; a material derived from a gelatin-gum Arabic complex. Those which are also included are saccharides 
such as mannitol, dextrose, lactose, galactose and trehalose; cyclic saccharides such as cyclodextrin; inorganic salts 
such as sodium phosphate, sodium chloride and aluminium silicate; amino acids having 2 to 12 carbon atoms such as 
glycine, L-alanine, L-aspartic acid, L-glutamic acid, L-hydroxyproline, L-isoleucine, L-leucine and L-phenylalanine. 
[0294] One or more matrix-forming agents may be introduced into a solution or suspension before solidification. 

25 Such a matrix-forming agent may be present in addition to a surfactant, or may be present in the absence of the 
surfactant. The matrix-forming agent serves not only to form a matrix itself, but also to aid in maintaining an inventive 
compound or concomitant drug as being diffused in the solution or suspension. 

[0295] A secondary agent may be contained in a composition such as a preservative, antioxidant, surfactant, thick- 
ening agent, colorant, pH modifier, flavor, sweetener or taste masking agent. A suitable colorant may, for example, be 

30 iron oxide red, black and yellow, FD&C dyes available from ERIS AND EVERALD such as FD&C Blue No.2 and FD&C 
Red No. 40. A suitable flavor may, for example, be mint, raspberry, licorice, orange, lemon, grape fruit, caramel, vanilla, 
cherry and grape flavor as well as a combination thereof. A suitable pH modifier may, for example, be citric acid, tartaric 
acid, phosphoric acid, hydrochloric acid and maleic acid. A suitable sweetener may, for example, be aspartame, ace- 
sulfame K and thaumatine. A suitable taste masking agent may, for example, be sodium bicarbonate, ion exchange 

35 resin, cyclodextrin inclusion compound, adsorbent and microencapsulated apomorphine. 

[0296] A formulation contains an inventive compound or concomitant drug in an amount usually of about 0. 1 to about 
50 % by weight, preferably about 0.1 to about 30 % by weight, and is preferably a formulation (sublingual or buccal 
formulation described above) which allows 90 % or more of the inventive compound or concomitant drug to be dissolved 
(in water) within a time period of about 1 to about 60 minutes, preferably about 1 minutes to about 15 minutes, more 

40 preferably about 2 minutes to about 5 minutes, or a intraoral instantaneous disintegration formulation which disinte- 
grates within about 1 to about 60 seconds, preferably about 1 to about 30 seconds, more preferably about 1 to about 
10 seconds after being placed in the oral cavity. 

[0297] The amount of an excipient described above based on the entire formulation is about 10 to about 99 % by 
weight, preferably about 30 to about 90 % by weight. The amount of p-cyclodextrin or p-Cyclodextrin derivative based 

45 on the entire formulation is about 0 to about 30 % by weight. The amount of a lubricant based on the entire formulation 
is about 0.01 to about 10 % by weight, preferably about 1 to about 5 % by weight. The amount of an isotonizing agent 
based on the entire formulation is about 0.1 to about 90 % by weight, preferably about 10 to about 70 % by weight. 
The amount of a hydrophilic carrier based on the entire formulation is about 0.1 to about 50 % by weight, preferably 
about 1 0 to about 30 % by weight. The amount of a water-dispersible polymer based on the entire formulation is about 

50 0.1 to about 30 % by weight, preferably about 10 to about 25 % by weight. The amount of a stabilizer based on the 
entire formulation is about 0.1 to about 10 % by weight, preferably about 1 to about 5 % by weight. The formulation 
described above may further contain additives if desired such as colorants, sweeteners and preservatives. 

[4] A solid dispersion of an inventive compound or a concomitant drug and a method for producing the same 

55 

[0298] When a compound of the invention [hereinafter sometimes referred to as lipid-rich plaque regressing sub- 
stance] or a concomitant drug is hardly soluble or insoluble in water, then it may be formulated into a solid dispersion 
(e.g., a solid dispersion containing a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance 
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and a hydrophilic polymer). 

[0299] "A solid dispersion" mentioned here means a dispersion in which one more active ingredients (preferably, 
amorphous active ingredients) is dispersed in a carrier or a matrix thereof which is inert in the form of a solid (e.g., a 
hydrophilic polymer), which can be prepared for example by a fusion method, solvent method or fusion-solvent method 

5 (J, Pharm. ScL, Vol. 60, 1281-1301, 1971). 

[0300] While the mean particle size of a solid dispersion is not limited particularly, the lower limit is usually about 
0.05 \irr\ or more, preferably about 0.1 um or more, more preferably about 1 u.m or more, further preferably 3 u.m or 
more, while the upper limit is about 30 mm or less, preferably about 100 ^im or less, more preferably about 50 ujm or 
less, further preferably about 10 jim or less. 

10 [0301] A hydrophilic polymer employed in said solid dispersion may, for example, be a water-soluble polymer, enteric 
coating polymer, gastric coating polymer and the like, with an enteric coating polymer being employed preferably. 
[0302] A water-soluble polymer may, for example, be [1] a cellulose derivative including a hydroxyalkyl cellulose 
such as hydroxypropyl cellulose and hydroxypropylmethyl cellulose and an alkyl cellulose such as methyl cellulose 
and ethyl cellulose; [2] a polyalkenyl pyrrolidone such as polyvinyl pyrrolidone; [3] a polyalkylene glycol such as poly- 

15 ethylene glycol and the like. 

[0303] An enteric coating polymer may, for example, be a hydroxyalkyl cellulose phthalate such as hydroxypropyl- 
methyl cellulose phthalate; a hydroxyalkyl cellulose acetate succinate such as hydroxypropylmethyl cellulose acetate 
succinate; a carboxyalkyl cellulose such as carboxymethylethyl cellulose; cellulose acetate phthalate; a copolymer of 
ethyl acrylate and methacrylic acid such as methacrylic acid copolymer L-1 00-55; a copolymer of methyl methacrylate 

20 and methacrylic acid such as methacrylic acid copolymer L, methacrylic acid copolymer S and the like. 

[0304] A gastric coating polymer may, for example, be an aminoalkylmethacrylate copolymer E; polyvinyl acetal 
amino acetate and the like. 

[0305] In addition, a copolymer of ethyl acrylate and methyl methacrylate containing a small amount of a quaternary 
ammonium group such as methacrylic acid copolymer RL and methacrylic copolymer RS, a hydrophilic polymer capable 
25 of dispersing a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance such as carboxymethyl 
cellulose, carboxyvinyl polymer, polyvinyl alcohol, gum arabic, sodium alginate, alginic acid propylene glycol ester, 
agar, gelatin, chitosan and the like may be employed. Any of these hydrophilic polymers can be employed in combination 
with each other. 

[0306] Among those listed above, preferred hydrophilic polymers are a hydroxyalkyl cellulose, alkyl cellulose, poly- 
30 alkenyl pyrrolidone, polyalkylene glycol, methacrylic acid copolymer and carboxymethyl cellulose and the like, and 
those preferred especially are hydroxypropylmethyl cellulose phthalate, polyvinyl pyrrolidone, hydroxypropylmethyl 
cellulose, carboxymethylethyl cellulose, methacrylic acid copolymer L and the like. 

[0307] Any of the solid dispersions described above may contain additives employed generally in the field of the 
pharmaceutical formulations. 

35 [0308] Such additives are pharmaceutical^ acceptable carriers such as various organic and inorganic carrier mate- 
rials employed customarily as pharmaceutical materials, and are incorporated as excipients, lubricants, binders, dis- 
integrants and surfactants. If desired, pharmaceutical additives such as preservatives, antioxidants, colorants and 
sweeteners may also be added. 

[0309] Preferred examples of excipients are lactose, sugar, D-mannitol, starch, crystalline cellulose, sucrose, porous 
40 starch, mannitol, calcium silicate (trade name: Fluorite RE), magnesium methasilicate aluminate (trade name: NEU- 
SILIN), light silicic anhydride (trade name: CYSILIA), sugar/starch spherical granule (trade name: nonpareil), crystalline 
cellulose/carboxymethyl cellulose (trade name: Avicel RC), hydroxypropyl starch and the like. 

[0310] Preferred examples of lubricants are magnesium stearate, calcium stearate, talc, colloidal silica and the like. 
[0311] Preferred examples of binders are crystalline cellulose, sugar, D-mannitol, dextrin, hydroxypropyl cellulose, 
45 hydroxypropylmethyl cellulose, polyvinyl pyrrolidone and the like. 

[0312] Preferred examples of disintegrants are starch, carboxymethyl cellulose, calcium carboxymethyl cellulose, 
croscarmellose sodium, sodium carboxymethyl starch, methyl cellulose (trade name: METHOLOSE SM), croscarmel- 
lose sodium, carmellose calcium, low-substituted hydroxypropyl cellulose, sodium starch glycolate, partially alpha- 
derivatized starch and the like. 

so [0313] Lubricants employed are, for example, talc, crystalline cellulose, magnesium stearate, corn starch, magne- 
sium oxide and the like. 

[0314] Surfactants employed are, for example, polyoxyethylene polyoxypropylene glycol (trade name: Pluronic), 
glycerin fatty acid ester, sucrose fatty acid ester, polyoxyethylene hydrogenated castor oil, polysorbate 80, cetanol and 
the like. 

55 [0315] Preferred examples of preservatives are p-oxybenzoates, chlorobutanol, benzyl alcohol, phenethyl alcohol, 
dehydroacetic acid, sorbic acid and the like. 

[0316] Preferred examples of antioxidants are sulfites, ascorbic acid and the like. 
[0317] Any of these additives may be used alone or in combination with each other. 
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[0318] While a solid dispersion described above can be produced by a method known per se, it can specifically be 
produced for example by a spray dry method, solvent method such as a rotary evaporation method; a fusion method 
such as twin-screw extruder method; mixing pulverization method; ultrasonic method using an ultrasonic molding ma- 
chine and the like. 

5 [0319] More specifically, a solid dispersion described above can be produced by a solvent method shown below: 

(1) dissolvong a lipid-rich plaque regressing substance in a suitable organic solvent; 

(2) to this solution, adding a hydrophilic polymer to prepare a suspension; 

(3) to this suspension or solution, adding additives such as excipients, disintegrants, lubricants and surfactants if 
10 necessary; and then, 

(4) distilling off the organic solvent from this homogenous suspension under reduced pressure or atmospheric 
pressure by a conventional method.for example, a spray dry method, rotary evaporation method and the like. 

[0320] For obtaining a further homogenous solid dispersion, the homogenous suspension is prepared in Step (2) 
15 described above and then subjected sequentially to the following steps: 

(5) dissolving a suspension prepared in Step (2) described above in a suitable organic solvent; 

(6) adding additives such as excipients, disintegrants, lubricants and surfactants if necessary; and then, 

(7) distilling off the organic solvent under reduced pressure or atmospheric pressure by a conventional method, 
20 for example, a spray dry method, rotary evaporation method and the like. 

[0321] An organic solvent employed in Step (1 ) described above is not limited specifically provided that it can dissolve 
a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance and a hydrophilic polymer, and may, 
for example, be an alcohol such as methanol, ethanol, propanol, isopropyl alcohol, butanol, monomethoxyethanol, 

25 ethylene glycol monomethyl ether and the like; an ether such as diethyl ether, dibutyl ether, diisopropyl ether, dioxane, 
tetrahydrofuran, ethylene glycol and the like; an aliphatic hydrocarbon such as n-hexane, cyclohexane, n-heptane and 
the like; an aromatic hydocarbon such as benzene, toluene, xylene and the like; a nitrile such as acetonitrile; an organic 
acid such as acetic acid, propionic acid and the like; an ester such as ethyl acetate; an aliphatic halogenated hydro- 
carbon such as dichloromethane, dichloroethane, chloroform and the like; a ketone such as acetone and methylethyl 

30 ketone; an amide such as dimethylformamide, dimethylacetamide and the like; or a mixture thereof in a suitable ratio. 
Among those listed above, a low-boiling solvent such as a ketone or alcohol is preferred, with acetone and ethanol 
being especially preferred. 

[0322] While the operating conditions such as the treatment temperature and the treatment time period may vary 
depending on the starting compounds and organic solvent employed, the treatment temperature is usually 200°C or 
35 below. 

[0323] In a fusion method, a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance is heated 
at a temperature higher than the melting point to fuse it, and then a hydrophilic polymer, and additives such as excipients, 
disintegrants, lubricants and surfactants, if necessary, are dissolved in it, and then it is cooled rapidly to accomplish 
the production. For example, in a twin-screw extruder method, a hardly water-soluble or water-insoluble lipid-rich plaque 
40 regressing substance and a hydrophilic polymer, if necessary together with additives such as excipients, disintegrants, 
lubricants and surfactants, are mixed mechanically and then heated under a high pressure to fuse the hardly water- 
soluble or water-insoluble lipid-rich plaque regressing substance at a temperature lower than the melting point, and 
then the mixture is cooled rapidly to accomplish the production. 

[0324] In a mixing pulverization method, a hardly water-soluble or water-insoluble lipid-rich plaque regressing sub- 
45 stance and a hydrophilic polymer, if necessary together with additives such as excipients, disintegrants, lubricants and 
surfactants, are mixed mechanically and then pulverized with mixing to accomplish the production. 
[0325] In an ultrasonic method, a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance and 
a hydrophilic polymer, if necessary together with additives such as excipients, disintegrants, lubricants and surfactants, 
are mixed mechanically and then charged into a mortar to pre-mold the mixture, and then irradiated with an ultrasonic 
50 wave for example by using a ultrasonic molding machine to accomplish the production. 

[0326] The amount of a hydrophilic polymer is not limited particularly, and may be any level as long as it can disperse 
a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance. For example, a preferable weight ratio 
of a hydrophilic polymer and a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance is 0.01: 
1 to 100:1 , preferably 0.02:1 to 50:1 , more preferably 0.1 :2 to 20:1 , further preferably 0.3:1 to 1 0:1 , still further preferably 
55 1:1 to 10:1, especially 3 to 5 (especially 4):1. 

[0327] While the amount of an additive is not limited particularly, a preferable weight ratio of an additive such a an 
excipient, disintegrant, lubricant or surfactant and a hardly water-soluble or water-insoluble lipid-rich plaque regressing 
substance is usually 0.1:1 to 20:1, preferably 0.3:1 to 10:1, more preferably 1:1 to 3:1. 
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[0328] An organic solvent employed in Step (5) described above is not limited particularly, and may be any solvent 
as long as it is capable of dissolving the suspension in Step (2) described above such as chloroform and dichlorometh- 
ane. 

[0329] A solid dispersion described above can itself be used as an oral pharmaceutical formulation, and may also 
5 be formulated as a powder, fine powder, granule, tablet, capsule, injection formulation and the like by an ordinary 
method. 

[0330] A pharmaceutical formulation containing a solid dispersion described above may contain the additives de- 
scribed above, namely, colorants, sweeteners, flavors, such as sucrose, lactose, starch, crystalline cellulose, synthetic 
ammonium silicate, magnesium stearate, talc and other diluents and lubricants in an oral pharmaceutical formulation. 
10 The surface of the formulation can be coated to obtain a sustained-release formulation. 

[0331] Since a lipid-rich plaque regressing substance is usually hardly water-soluble or water-insoluble, the ratio at 
which it is absorbed actually into blood based on the dose given orally is low, resulting in a problematically low bioa- 
vailability. 

[0332] Nevertheless, various formulations obtained by converting a solid dispersion described above into various 
15 dosage forms have markedly improved performances of dissolution, oral absorption or(and) absorption into blood, 
when compared with a crystal of a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance itself. 
[0333] Thus, a solid dispersion described above enables the solubilization of a hardly water-soluble or water-insoluble 
lipid-rich plaque regressing substance, whereby allowing the bioavailability of the hardly water-soluble or water-insol- 
uble lipid-rich plaque regressing substance to be improved dramatically. 
20 [0334] The amount of a hardly water-soluble or water-insoluble lipid-rich plaque regressing substance in a solid 
dispersion described above may vary depending on the dosage form, administration mode, carrier and the like, and it 
is usually 0.1 to 99% by weight based on the total amount of the formulation. 

[0335] The amount of a hydrophilic polymer in a solid dispersion described above may vary depending on the dosage 
form, administration mode, carrier and the like, and it is usually 1 to 99.9% by weight based on the total amount of the 
25 formulation. 

[0336] The amount of an additive in a solid dispersion described above may vary depending on the dosage form, 
administration mode and the like, and it is usually 0 to 99% by weight based on the total amount of the formulation. 
[0337] The amount of a solid dispersion described above in an inventive pharmaceutical formulation may vary de- 
pending on the dosage form, administration mode, carrier and the like, and it is usually 0.1 to 100% by weight based 

30 on the total amount of the formulation. 

[0338] The amount of additives in an inventive pharmaceutical formulation may vary depending on the dosage form, 
administration mode and the like, and it is usually 0 to 99.9% by weight based on the total amount of the formulation. 
[0339] While the dose of an inventive concomitant formulation may vary depending on the type of the inventive 
compound, the subject's age, body weight, condition, and the dosage form as well as administration mode and duration, 

35 for example, the daily dose in a patient having hyperlipidemia (adult, body weight: about 60 kg) is about 0.01 to about 
1000 mg/kg, preferably about 0.01 to about 100 mg/kg, more preferably about 0.1 to about 100 mg/kg, particularly 
about 0.1 to about 50 mg/kg, especially about 1 .5 to about 30 mg/kg as an inventive compound, which is given intra- 
venously at once or in several portions. It is a matter of course that the dose may vary depending on various factors 
as described above, and a less amount may sometimes be sufficient and an excessive amount should sometimes be 

40 required. 

[0340] A concomitant drug may be employed in any amount within the range causing no problematic side effects. 
The daily dose of a concomitant drug is not limited particularly and may vary depending on the severity of the disease, 
the subject's age, sex, body weight and susceptibility as well as time and interval of the administration and the char- 
acteristics, preparation, type and active ingredient of the pharmaceutical formulation, and the daily oral dose per kg 
45 body weight in a mammal is about 0.001 to 2000 mg, preferably about 0.01 to 500 mg, more preferably about 0.1 to 
about 100 mg as medicaments, which is given usually in 1 to 4 portions. 

[0341] When an inventive concomitant formulation is administered, it may be administered at the same time, but it 
is also possible that a concomitant drug is first administered and then an inventive compound is administered, or that 
the inventive compound is first administered and then the concomitant drug is administered. When such an intermittent 

50 administration is employed, the time interval may vary depending on the active ingredient administered, the dosage 
form and the administration mode, and for example, when the concomitant drug is first administered, the inventive 
compound may be administered within 1 minute to 3 days, preferably 10 minutes to 1 day, more preferably 15 minutes 
to 1 hour after the administration of the concomitant drug. When the inventive compound is first administered, for 
example, then the concomitant drug may be administered within 1 minute to 1 day, preferably 10 minutes to 6 hours, 

55 more preferably 15 minutes to 1 hour after the administration of the inventive compound. 

[0342] In a preferred administration mode, for example, about 0.001 to 200 mg/kg of a concomitant drug formulated 
as an oral formulation is given orally as a daily dose, and, after about 15 minutes, about 0.005 to 100 mg/kg of an 
inventive compound formulated as an oral formulation is given orally as a daily dose. 
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[0343] The invention is further detailed in the following Examples, Formulation Examples and Experiments, which 
are not intended to restrict the invention. 

[0344] A 1 H NMR spectrum was measured by VARIAN GEMINI 200 (200 MHz) spectrophotometer using tetrame- 
thylsilane as an internal standard, and entire 5 values are represented in ppm. A value indicated for a solvent mixture 
5 is a volume ratio of each solvent, unless otherwise specified. A % is a % by weight, unless otherwise specified. A ratio 
of the elution solvent in a chromatography on a silica gel is a volume ratio, unless otherwise specified. Room temper- 
ature (ambient temperature) employed here usually means a temperature from about 20 to about 30*C. 
[0345] Each symbol in Examples is defined as shown below. 

[0346] AcOEt: ethyl acetate, Me: methyl, Et: ethyl, THF: tetrahydrofuran, IPE: isopropylether, Et 2 0: diethyl ether, 
10 decomp.: decomposition, s: singlet, d: doublet, t: triplet, q: quartet, dd: double doublet, dt: double triplet, m: multiplet, 
br: broad, J: coupling constant, Py: pyridyl, DBU: diazabicycloundecene, DMF: dimethylformamide, DPPA: diphenyl- 
phosphoryl azide, hex: hexane, Ac: acetyl, Ph: phenyl, Ts: tosyl, mCPBA: m-chloroperbenzoic acid, *Bu: tert-butyl. 

EXAMPLS 

15 

REFERENCE EXAMPLE 1 

Synthesis of 6,7-dichloro-2-oxo-4-phenyl-2H-chromene-3-carboxylic acid 
20 [0347] 



25 
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[0348] A mixture of (4,5-dichloro-2-hydroxyphenyl)(phenyl)methanone (1.5 g), diethyl malonate (1.28 ml) and DBU 
(0.25 ml) was stirred at 1 70°C for 30 minutes. The reaction mixture was dissolved in ethyl acetate (50 ml), and washed 

^0 with water followed by a 1 N solution of hydrochloric acid and a saturated aqueous solution of sodium chloride. After 
drying over magnesium sulfate, the solvent was distilled off under reduced presurre, and the residue was purified by 
a column chromatography (packing: silica gel, eluent: ethyl acetate-hexane=1 :9). The resultant crude product of ethyl 
6,7-dichloro-2-oxo-4-phenyl-2H-chromene-3-carboxylate was dissolved in acetic acid (10 ml) and concentrated hydro- 
chloric acid (5 ml), and heated under reflux for 1 hour. The reaction solution was concentrated under reduced pressure, 

45 and the resultant residue was dissolved in a solvent mixture of THF (10 ml) and ethyl acetate (50 ml), and then washed 
with water followed by a saturated aqueous solution of sodium hydrogen carbonate and a saturated aqueous solution 
of sodium chloride. After drying over magnesium sulfate, the solvent was distilled off under reduced pressure, and the 
residue was purified by recrystallization from ethyl acetate to obtain the title compound (0.65 g, yield: 34%). 
Melting point: 233-234°C. 

50 NMR (CDCI3) 5: 7.29-7.40 (3H,m), 7.48-7.58 (4H, m). 
IR(KBr): 3400-2400, 1748, 1717 cm' 1 . 



Analysis for C 16 H 8 0 4 CI 2 : 


Calcd (%) 
Found (%) 


C:57.34 H:2.41 
C:57.30 H:2.50 
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REFERENCE EXAMPLE 2-6 

[0349] The compounds of table 1 were obtained by the method similar to that in Reference Example 1 . 




Ref .Ex. 








Yield 


Melting Point (°C) 


number 


R 1 


R 2 


R 3 


(%) 


(Recrystallization 
solvent ) 


2 


CI 


Me 


H 


63 


227-228 (AcOEt) 


3 


CI 


Me 


Me 


58 


226-227 (AcOEt) 


4 


Me 


Me 


Me 


81 


205-206 (AcOEt) 


5 


Me 


Me 


Me 


27 


222-223 (AcOEt) 


6 


(CH 2 ) 




H 


7 


92-93 (AcOEt) 



REFERENCE EXAMPLE 7 

Synthesis of (6,7-dichloro-2-oxo-4-phenyl-2H-chromen-3-yl)acetic acid 
[0350] 




[0351] A solution of 6,7-dich!orO"2-oxo-4-phenyl-2H-chromene-3-carboxylic acid (0.8 g) in THF (1 0 ml) was combined 
with DMF (1 drop) and oxalyl chloride (0.31 ml), and stirred at room temperature for 1 hour. After the reaction solution 
was concentrated under reduced pressure, the resultant residue was dissolved in THF (10 ml), and to which a solution 
of diazomethane prepared from N-methyl-N'-nitro-N-nitrosoguanidine (1 .68 g) and potassium hydroxide (3.0 g) in ether 
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(30 ml) was added dropwise. After the effervescence had ceased, the reaction solution was concentrated under reduced 
pressure. The resultant residue was dissolved in methanol (50 ml), combined with silver oxide, and heated under reflux 
for 30 minutes. After the insolubles were filtered off, the filtrate was concentrated under reduced pressure, and the 
residue was purified by a column chromatography (packing: silica gel, eluent: ethyl acetate-hexane=1 :4). The resultant 
crude product of methyl (6,7-dichloro-2-oxo-4-phenyl-2H-chromen-3-yl)acetate was dissolved in acetic acid (5 ml) and 
concentrated hydrochloric acid (2.5 ml), and heated under reflux for 1 hour. The reaction solution was concentrated 
under reduced pressure, and the resultant residue was dissolved in a solvent mixture of THF (10 ml) and ethyl acetate 
(50 ml), and then washed with water followed by a saturated aqueous solution of sodium hydrogen carbonate and a 
saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, the solvent was distilled off under 
reduced pressure, and the residue was purified by recrystallization from ethyl acetate to obtain the title compound 
(0.52 g, yield: 62%). 
Melting point: 222-223°C. 

NMR (CDCI 3 ) 5: 3.43 (2H, s), 7.10 (1H, s), 7.20-7.36 (2H, m), 7.50-7.64 (4H, m.). 
IR(KBr): 3400-2400, 1725, 1599 cm" 1 . 



Analysis for C 17 H 10 O 4 CI 2 0.3H 2 O 


Calcd (%) 
Found (%) 


C:57.59 H:3.01 
C:57.44 H:2.99 



REFERENCE EXAMPLE 8-12 

[0352] The compounds of table 2 were obtained by the method similar to that in Reference Example 7. 

Table 2 





Ref .Ex. 








Yield 


Melting Point (°C) 


number 


R 1 


R 2 


R 3 


(%) 


(Recrystallization 












solvent) 


8 


CI 


Me 


H 


50 


216-217 (AcOEt) 


9 


CI 


Me 


Me 


45 


204-205 (AcOEt) 


10 


Me 


Me 


H 


43 


228-229 (AcOEt) 


11 


Me 


Me 


Me 


49 


205-206 (AcOEt) 


12 


(CH 2 )« 


H 


52 


196-197 (AcOEt) 



54 
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REFERENCE EXAMPLE 13 

Synthesis of (2<>xo^-phenyl-2 ( 6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetic acid 
5 [0353] 



10 



15 



20 




[0354] A solution of (6-hydroxy-2,3-dihydro-1 H-inden-5-yl)(phenyl)methanone (1 .0 g) and triethylamine (0.98 ml) in 
THF (20 ml) was combined with ethyl succinyl chloride (0.55 ml) at 0°C, and stirred for 1 hour. The reaction solution 
was combined with water, and the product was extracted with ethyl acetate. The extract was washed with a 1 N solution 

25 of hydrochloric acid followed by a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, 
the solvent was distilled off under reduced pressure. The resultant residue was dissolved in toluene (10 ml), combined 
with DBU (0.25 ml), and heated under reflux for 2.5 hours. After cooling, the reaction solution was diluted with ethyl 
acetate (60 ml), and washed with water followed by a 1 N solution of hydrochloric acid and a saturated aqueous solution 
of sodium chloride. After drying over magnesium sulfate, the solvent was distilled off under reduced pressure, and the 

30 residue was purified by a column chromatography (packing: silica gel, eluent: ethyl acetate-hexane=1 :2). The resultant 
crude product of ethyl (2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetate was dissolved in acetic 
acid (20 ml) and concentrated hydrochloric acid (10 ml), and heated under reflux for 1 hour. The reaction solution was 
concentrated under reduced pressure, and the resultant residue was dissolved in a solvent mixture of THF (5 ml) and 
ethyl acetate (50 ml), and then washed with water followed by a saturated aqueous solution of sodium hydrogen car- 

35 bonate and a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, the solvent was 
distilled off under reduced pressure, and the residue was purified by recrystallization from ethyl acetate-isopropyl ether 
to obtain the title compound (0.95 g, yield: 70%). 
Melting point: 216-218°C. 

NMR (CDCI 3 ) 8: 2.09 (2H, m), 2.81 (2H, d, J=7 Hz), 2.99 (2H, d, J=7 Hz), 3.41 (2H, s), 6.82 (1H, s), 7.20-7.30 (3H, m), 
40 7.50-7.60 (3H, m). 

IR(KBr): 3400-2400, 1714, 1622 crrr<. 



Analysis for C 2 oH 13 N0 5 


Calcd (%) 
Found (%) 


C:74.99 H:5.03 
C:74.75 H:5.13 



REFERENCE EXAMPLE 14-20 
50 [0355] The compounds of table 3 were obtained by the method similar to that in Reference Example 13. 

Table 3 

55 
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Ref . Ex . 








Yield 


Melting Point 


number 










(°C) 




R 1 R 2 


R 3 


R 4 


(%) 


(Recrystallization 
solvent ) 


14 


CI CI 


CI 


H 


13 


244-246 (AcOEt) 


15 


F F 


• H 


H 


64 


164-166 (IPE) 


16 


Me CI 


H 


H 


65 


222-224 (AcOEt) 


17 


(CH 2 ) 3 


H 


3 -Me 


63 


183-184 (AcOEt) 


18 


(CH 2 ) 3 


H 


4 -Me 


81 


231-233 (AcOEt) 


19 


(CH 2 ) 3 


H 


3, 4-di-Me 


70 


193-194 (AcOEt) 


20 


(CH 2 ) 3 


H 


4-F 


86 


231-234 (AcOEt) 



REFERENCE EXAMPLE 21 

Synthesis of ethyl 2-(7-chloro-6-methyl-2-oxo-4-phenyl-2H-chromen-3-yl)acetate 
[0356] 




0CH 2 CH 3 



[0357] A solution of (4-chloro-2-hydroxy-5-m ethyl phenyl )(pheny I )methanone (5.0 g) and triethylamine (5.65 ml) in 
THF (100 ml) was combined with ethyl succinyl chloride (3.47 ml) at 0°C, and stirred for 1 hour. The reaction solution 
was combined with water, and the product was extracted with ethyl acetate. The extract was washed with a 1 N solution 
of hydrochloric acid followed by a saturated aqueous solution of sodium chloride, and after drying over magnesium 
sulfate, the solvent was distilled off under reduced pressure. The resultant residue was dissolved in toluene (50 ml), 
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combined with DBU (1.25 ml), and heated under reflux for 2.5 hours. After cooling, the reaction solution was diluted 
with ethyt acetate (100 ml), and washed with water followed by a 1 N solution of hydrochloric acid and a saturated 
aqueous solution of sodium chloride. After drying over magnesium sulfate, the solvent was distilled off under reduced 
pressure, and the residue was purified by a column chromatography (packing: silica gel, eluent: ethyl acetate-hex- 
ane=1 :4) and further purified by recrystallization from ethyl acetate-hexane to obtain the title compound (3.86 g, yield: 
53%). 

Melting point: 132-133°C. 

NMR (CDCI 3 ) 6: 1.23 (3H, t, J=7 Hz), 2.28 (2H, s), 3.36 (2H, s), 4.13 (2H, t, J=7 Hz), 6.84 (1H, s), 7.20-7.35 (2H, m), 
7.41 (1H, s), 7.45-7.60 (3H, m). 
IR(KBr): 1728, 1609, 1366, 1188 cm* 1 . 



Analysis for C 2 oH 17 CI04 


Calcd (%) 
Found (%) 


C:67.32 H:4.80 
C:67.55 H:5.13 



REFERENCE EXAMPLE 22-23 

[0358] The compounds of table 4 were obtained by the method similar to that in Reference Example 21 . 



Table 4 




Ref .Ex. 






Yield 


Melting Point (°C) 


number 


R 1 


R 2 


(%) 


(Recrystallization solvent) 


22 


Me 


H 


78 


91-92 (Hexane) 


23 


CI 


Me 


71 


oil 
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REFERENCE EXAMPLE 24 

Synthesis of 2-[6-(bromom ethyl )-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid 
5 [0359] 




[0360] A solution of ethyl(7-chloro-6-methyl-2-oxo-4-phenyl-2H-chromen-3-yl)acetate (3.5 g) in ethyl acetate (50 ml) 
was combined with N-bromosuccinimide (2.1 g) and 2,2'-azoisobutyronitrile (48.3 mg), and heated under reflux for 1 
hour. After cooling, the reaction solution was washed with water followed by a saturated aqueous solution of sodium 

25 hydrogen carbonate and a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, the 
solvent was distilled off under reduced pressure, and the residue was purified by a silica gel column chromatography 
(eluent: ethyl acetate-hexane=1 :4) to obtain the crude crystal (approximately 2.6 g) of ethyl 2-[6-(bromomethyl)-7-chIo- 
ro-2-oxo-4-phenyl-2H-chromen-3-yl]acetate. The crude crystal was dissolved in acetic acid (50 ml) and concentrated 
hydrochloric acid (25 ml), and heated under reflux for 30 minutes. The reaction solution was concentrated under re- 

30 duced pressure, and the resultant residue was dissolved in a solvent mixture of THF (10 ml) and ethyl acetate (50 ml), 
and then washed with water followed by a saturated aqueous solution of sodium hydrogen carbonate and a saturated 
aqueous solution of sodium chloride. After drying over magnesium sulfate, the solvent was distilled off under reduced 
pressure, and the residue was washed with ethyl acetate to obtain a crude crystal (1.78 g, yield: 44%) of the title 
compound. The compound was used in the next reaction without further purification. NMR (CDCI 3 ) 5: 3.43 (2H, s), 4.58 

35 (2H, s), 7.11 (1H, s), 7.20-7.30 (2H, m), 7.48 (1H, s), 7.50-7.65 (3H, m). 

REFERENCE EXAMPLE 25-26 

[0361] The compounds of table 5 were obtained by the method similar to that in Reference Example 24. 

40 



45 



50 



55 
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Table 5 




Ref .Ex. 






Yield 


NMR 


number 


R 1 


R 2 


(%) 


(CDC1-,) 


25 


CH 2 Br 


H 


50 


3.44 (2H, s), 4.49 (2H, s) , 










7.03 (1H, d, J=2H) , 










20-7.35 (1H, m) , 










7.41 (1H, d, J=8 Hz), 










7.50-7.65 (5H, m) . 


26 


CI 


CH 2 Br 


43 


3.44 (2H, s), 4.71 










(2H, s), 7.06 (1H, s), 










7.20-7.70 (6H, m) . 



REFERENCE EXAMPLE 27 

Synthesis of ethyl(2,8-oxo-4-phenyl-2,6 ,7,8-tetrahydroxycyclopenta[g]chromen-3-yl)acetate 
[0362] 




0CH 2 CH 3 



[0363] A suspension of chromium oxide (33 g) in methylene chloride (300 ml) was combined with 3,5-dimethylpyra- 
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zole (32 g) at -10°C in one portion. After stirring at the same temperature for 15 minutes, ethyl(2-oxo-4-phenyl- 
2,6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetate was added. After the reaction solution was stirred at -10°C for 2 
hours, and combined with water, and the organic layer was washed with diluted hydrochloric acid and water, and dried 
over magnesium sulfate. The solvent was distilled off under reduced pressure, the resultant residue was purified by a 
s silica gel column chromatography (eluent: ethyl acetate), and further purified by recrystallization from ethyl acetate to 
obtain the title compound (1.2 g, yield: 15%). 
Melting point: 145-148°C. 

NMR (CDCI 3 ) 5: 1 .23 (3H, t, J = 9 Hz), 2.75 (2H, t, J = 6 Hz), 3.08 (2H, t, J = 6 Hz), 3.41 (2H, s), 4.14 (2H, q, J = 9 Hz), 
7.10 (1H, s), 7.28 (2H, m), 7.55 (3H, m), 7.71 (1H t s). 
10 IR(KBr): 2980, 1715, 1615, 1563 cm* 1 . 



Analysis for C 2 2H 18 0 5 


Calcd (%) 
Found (%) 


C:72.92 H:5.01 
C:73.15 H:5.20 



REFERENCE EXAMPLE 28 

Synthesis of (2,8-dioxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetic acid 

20 

[0364] 




40 [0365] Ethyl(2,8-dioxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetate (1 .2 g) was dissolved in acetic 
acid (20 ml) and concentrated hydrochloric acid (10 ml), and heated under reflux for 30 minutes. The reaction solution 
was concentrated under reduced pressure, and the resultant residue was dissolved in a solvent mixture of THF (10 
ml) and ethyl acetate (50 ml), and then washed with water followed by a saturated aqueous solution of sodium hydrogen 
carbonate and a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, the solvent was 

45 distilled off under reduced pressure, and the residue was purified by recrystallization from ethyl acetate to obtain the 
title compound (0.87 g, yield: 79%). 
Melting point: 240°C (decomp.). 

NMR (CDCI3 + DMSO-d 6 1 drop) 5: 2.74 (2H, t, J = 6 Hz), 3.08 (2H, t, J = 6 Hz), 3.40 (2H, s), 7.11 (1H, s), 7.32 (2H, 
m), 7.56 (3H,m), 7.68 (1H,s). 
50 IR(KBr): 3400-2400, 1713 cm" 1 . 



Analysis for C 2 oH 14 0 5 


Calcd (%) 
Found (%) 


C:71.85 H:4.22 
C:71.40 H:4.50 
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EXAMPLE 1 

Synthesis of N-(2,6-dimethoxyphenyl)-2-(2-oxo-4-phenyl-2,6 ,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetamide 
[0366] 




[0367] A solution of (2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetic acid (150 mg) in THF (10 
ml) was combined with dimethylformamide (DMF, 1 drop) and oxalyl chloride (0.06 ml), and stirred at room temperature 
for 30 minutes. The reaction solution was concentrated under reduced pressure, and the resultant residue was dis- 
solved in THF (10 ml), and added dropwise to a solution of 2,6-dimethoxyaniline (79 mg) and triethylamine (0.1 ml) in 
THF (5 ml). After stirring at room temperature for 1 hour, the solvent was distilled off under reduced pressure, and the 
resultant residue was combined with water, and extracted with ethyl acetate. The extract was washed with diluted 
hydrochloric acid followed by a 1 N solution of sodium hydroxide and water, dried over magnesium sulfate, and then 
concentrated. The resultant residue was purified by recrystallization from ethyl acetate-THF to obtain the title compound 
(146 mg, yield: 64%). 
Melting point: 213-215°C. 

NMR (CDCI 3 ) 5: 2.09 (2H, m), 2.81 (2H, t, J = 7 Hz), 2.99 (2H, t, J = 7 Hz), 3.46 (2H, br) 3.78 (6H, s), 6.54 (2H, d, J = 
8 Hz), 6.85 (1H, s), 7.14 (1H, t, J = 8 Hz), 7.26 (1H, s), 7.43 (2H, m), 7.50 (1H, m). 
IR(KBr): 1707, 1686, 1508 cm* 1 . 



Analysis for C 28 H 25 NO 5 0.2H 2 O 


Calcd (%) 
Found (%) 


C:73.25 H:5.58 N:3.05 
C:73.04 H:5.79 N:3.14 



EXAMPLE 2-14 

[0368] The compounds of table 6 were obtained using (2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen« 
3-yl)acetic acid by the method similar to that in Example 1 . 
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Table 6 




Example Yield Melting Point 

number (°C) 





R 1 


R 2 


R 3 


(%) 


(Recrystallization 












solvent) 


2 


OEt 


OEt 


H 


64 


216-219 AcOEt-THF) 


3 


CH(CH 3 ) 2 


CH(CH 3 ) 2 


H 


40 


261-263 (AcOEt-THF) 


4 


Et 


Et 


H 


54 


279-281 (AcOEt-THF) 


5 


Me 


OMe 


H 


42 


232-237 (AcOEt) 


6 


Et 


H 


H 


46 


234-237 (AcOEt-THF) 


7 


OMe 


H 


H 


40 


219-222 (AcOEt-THF) 


8 


OMe 


OMe 


Me 


73 


237-239 (AcOEt-THF) 


9 


OMe 


OH 


H 


72 


179-181 (AcOEt) 


10 


OMe 


OMe 


OH 


40 


160 (decomp. ) 












(AcOEt) 


11 


OH 


OMe 


OMe 


32 


170-172 (AcOE) 


12 


OCF 3 


H 


H 


21 


191-194 (AcOEt) 


13 


OCH(CH 3 ) 2 


OCH (CH 3 ) 2 


H 


33 


181-186 (AcOEt) 


14 


cyclopentyloxy 




H 


47 


224-226 (AcOEt) 



cyclopentyloxy 
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EXAMPLE 15 

Synthesis of N-(3,5<fichlorcM-pyridyi)-2-(2^xo^ 
5 [0369] 



10 



15 



20 




[0370] A solution of (2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen-3-yl)acetic acid (150 mg) in THF (10 
ml) was combined with DMF (1 drop), and the mixture solution was combined with oxalyl chloride (0.06 ml), and stirred 

25 at room temperature for 30 minutes. The reaction solution was concentrated under reduced pressure, and the resultant 
residue was dissolved in THF (10 ml), and added dropwise to a suspension of 4-amino-3,5-dichloropyridine (100 mg) 
and sodium hydride (60%, in oil) (40 mg) in THF. After stirring at room temperature overnight, the reaction solution 
was combined with water, and extracted with ethyl acetate. The extract was washed with water, dried over magnesium 
sulfate, and then concentrated. The resultant residue was purified by recrystallization from ethyl acetate-THF to obtain 

30 the title compound as a colorless crystal (60 mg, 28%). 
Melting point: 257-259°C. 

NMR (CDCI 3 ) 8: 2.11 (2H, m), 2.27 (3H, m), 2.90 (2H, t, J = 7 Hz), 2.99 (2H, t, J = 7 Hz), 3.71 (6H, s), 6.54 (1H, s), 
6.56 (2H, d, J = 8 Hz), 6.86 (1H, bs), 7.06 (1H, s), 7.15 (1H, t, J = 8 Hz), 7.33 (5H, m). 
IR(KBr): 1699, 1655, 1306, 1144 cm- 1 . 



Analysis for C 2 5H 18 N2O3Cl2*0.3H 2 O 


Calcd (%) 
Found (%) 


C:63.79 H:3.98 N:5.95 
C:63.56 H:4.10 N:5.71 



EXAMPLE 16-21 

[0371] The compounds of table 7 were obtained using (2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen 
3-yl)acetic acid by the method similar to that in Example 15. 

45 
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Table 7 




Example Yield Melting Point (°C) 



number 


R 1 


R 2 


R 3 


(%) 


(Recrystallization 
solvent) 


16 


CF 3 


H 


CI 


55 


198-200 (AcOEt) 


17 


F 


F 


F 


46 


247-249 (THF-IPE) 


18 


CF 3 


F 


H 


19 


194-196 (AcOEt) 


19 


0CF 3 


H 


CI 


84 


189-191 (AcOEt) 


20 


CF 3 


H 


F 


57 


186-187 (AcOEt) 


21 


CF ? 


H 


CF ? 


38 


220-221 (AcOEt) 



EXAMPLE 22-46 

[0372] The compounds of table 8 to table 11 were obtained by the method similar to that in Example 1. 
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Table 8 




Example 
number 


R 1 


R 2 


R 3 


Yield 
(%) 


Melting Point (°C) 
(Recrystallization 
solvent) 


22 


OMe 


OMe 


H 


57 


231-232 (AcOEt) 


23 


OMe 


OMe 


Me 


61 


176-177 (AcOEt) 


24 


OEt 


OEt 


H 


54 


235-236 (AcOEt) 


25 


CH(CH 3 ) 2 


CH(CH 3 ) 2 


CI 


51 


24 5-24 6 (AcOEt) 


26 


Et 


Et 


H 


53 


250-251 (AcOEt) 



Table 9 




Example Yield Melting Point (°C) 

number 
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R 1 R 2 


R 3 


R 4 
t% 




(Recrystallization 
solvent) 




LYie Mc 


vJlYie 


u 
n 




236-237 


( ArOFt- ) 


£. O 




UrJtJ 




7 4 


166-167 


(AcOEt) 


29 


£/[o, J^o. 


OEt 


H 


75 


230-231 


(AcOEt) 


30 


Me Me 


Et 


H 


74 


259-260 


(AcOEt) 


31 


Me Me 


CH{CH 3 ) 2 


H 


74 


252-253 


(AcOEt) 


32 


(CH 2 )« 


OMe 


H 


63 


227-228 


(AcOEt ) 


33 


<CH 2 ) 4 


OEt 


H 


60 


196-197 


(AcOEt) 


34 


(CH 2 ) 4 


CH(CH 3 ) 2 


H 


53 


235-236 


(AcOEt) 


35 


(CH 2 ) a 


Et 


H 


55 


240-241 


(AcOEt) 



Table 10 




Example 








Yield 


Melting 


Point (°C) 


number 


R 1 


R 2 


R 3 


(%) 


(Recrystallization 












solvent ) 




36 


CI 


H 


OMe 


48 


249-250 


(AcOEt) 


37 


CI 


H 


OEt 


55 


246-247 


(AcOEt) 


38 


CI 


H 


Et 


48 


296-297 


(AcOEt) 


39 


CI 


H 


CH(CH 3 ) 2 


55 


289-290 


(AcOEt) 


40 


CI 


CI 


OMe 


83 


289-291 


(THF) 


41 


F 


H 


OMe 


73 


196-198 


(AcOEt-THF) 


42 


F 


H 


CH (CH 3 ) 2 


75 


255-256 


(AcOEt-THF) 


43 


F 


H 


OCH (CH 2 ) 3 


55 


249-252 


(AcOEt) 


44 


F 


H 


cyclopenty 
loxy 


38 


253-254 


(AcOEt) 



Table 11 
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Example 






Yield 


Melting Point (°C) 


number 


R 1 


R 2 


(%) 


(Recrystallization 










solvent) 


45 


OMe 


H 


60 


247-249 (THF) 


46 


CH(CH 3 ) 2 


H 


42 


280-282 (THF) 



EXAMPLE 47-69 

[0373] The compounds of table 12 were obtained by the method similar to that in Example 15. 




Exanple 
number 


R 1 


R 2 


R 3 


R 4 




Yield 
(%) 


Melting Point (°C) 
(Recrystallization 
solvent) 


47 


F 


F 


H 


2-CF 3/ 


4 -CI 


55 


172-174 (AoOEt) 


48 


CI 


CI 


H 


2-CF 3 , 


4-C1 


61 


203-206 (AcOEt) 


49 


Me 


CI 


H 


2-CF 3/ 


4-C1 


74 


236-239 (AcOEt-IPE) 
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50 


Me CI 


H 


2-CF 3 , 


4-F 


78 


224-226 


(AoOEt-IPE) 




51 


Me CI 


H 


2,4-di 


-<CF 3 ) 


51 


239-240 


(AcOEt-IPE) 


5 


52 


Me CI 


H 


2-OCF 3 ,4-Cl 


37 


214-215 


(AoOEt-IPE) 




53 


Me CI 


3-C1 


2-CF 3 , 


4-C1 


51 . 


202-204 


(AcOEt-IPE) 




54 


Me Me 


H 


2-CF 3 , 


4 -CI 


65 


201-203 


(AcOEt) 




55 


CI Me 


H 


2-cf 3 , 


4-C1 


93 


214-216 


(AcOEt) 




56 


(C^h 


H 


2-CF 3 




79 


191-193 


(AcOEt) 


10 


57 




3-Me 


2-CF 3 




68 


205-207 


(AcOEt) 




58 


(CH^ 


3-Me 


2-CF 3 , 


4-F 


77 


204-205 


(AcOEt) 




59 


(CH2> 3 


3-Me 


2-CF 3/ 


4-C1 


59 


182-184 


(AcOEt) 




60 


(CB>) 3 


4 -Me 


2-CF 3 




64 


224-226 


(AcOEt) 




61 


(CH^ 


4 -Me 


2-CF 3 , 


4-F 


68 


234-236 


(AcOEt) 


15 


62 


(CH^ 


4-Me 


2-CF 3 , 


4 -CI 


61 


235-236 


(AcOEt) 




63 


(C^h 


3,5-di-Me 


2-CF 3 




81 


264-265 (AcOEt) 




64 




3,5-di-Me 


2-CF 3 , 


4-F 


72 


226-228 


(AcOEt) 




65 


(CH 2 ) 3 


3, 5-di-Me 


2-CF 3 , 


4-C1 


78 


221-223 


(AcOEt) 




66 


<Ofe) 3 


4-F 


2-CF 3 




74 


221-223 


(AcOEt) 


20 


67 


(CH 2 ) 3 


4-F 


2-CF 3 , 


4-F 


88 


234-236 


(AcOEt) 




68 


(CH 2 ) 3 


4-F 


2-CF 3 , 


4-F 


71 


232-234 


(AcOEt) 




69 


Me CI 


H 


2-CF, 




63 


224-225 


(AcOEt-IPE) 



25 EXAMPLE 70 

Synthesis of 2-[7-chioro-6-{(dimethylamino)methyl}-2-oxo-4-ph 
acetamide 

30 [0374] 



35 

(CH 

40 



45 




[0375] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxc-4-phenyl-2H-chromen-3-yl]acetic acid (0.13 g) in THF (3ml) 
was combined with DMF (1 drop) and oxalyl chloride (56 ml), and stirred at room temperature for 1 hour. The reaction 
solution was concentrated under reduced pressure, and the resultant residue was dissolved in THF (2 ml), and added 

50 dropwise to a solution of 2,6-dimethoxyaniline (46 ml) and triethylamine (86 ml) in THF (2 ml) at 0°C. After stirring for 
1 hour, the reaction solution was combined with water, and the solution was extracted with ethyl acetate. The extract 
was washed with a 1 N solution of hydrochloric acid followed by a saturated aqueous solution of sodium chloride, a 
saturated aqueous solution of sodium hydrogen carbonate and a saturated aqueous solution of sodium chloride, and 
after drying over magnesium sulfate, the solvent was distilled off under reduced pressure. The resultant residue was 

55 dissolved in THF (2 ml), combined with a solution of dimethylamine (200 mg) in THF (1 ml), and stirred overnight. The 
reaction solution was concentrated under reduced pressure, and the resultant residue was dissolved in ethyl acetate 
(30 ml), and then washed with a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, 
the solvent was distilled off under reduced pressure. The resultant residue was purified by a silica gel column chroma- 
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tography (eluent: chloroform-methanol-aqueous ammonia=30:1 :0.1 ), and further purified by recrystallization from ethyl 
acetate to obtain the title compound (81 mg, yield: 50%). 
Melting point: 221 -223°C. 

NMR (CDCI 3 ) 5: 2.17 (6H, s), 3.41 (2H, s), 3.48 <2H, brs), 3.79 (6H, brs), 6.54 (2H, d, J=8 Hz), 7.08 (1H, brs), 7.15 
(1H, t, J=8 Hz), 7.35-7.60 (8H, m). 
IR(KBr): 1732, 1661, 1560, 1478 cm* 1 . 



Analysis for C 28 H27N 2 05CI 


Calcd (%) 
Found (%) 


C:66.33 H:5.37 N:5.53 
C:66.17 H:5.38 N:5.22 



EXAMPLE 71-73 

[0376] The compounds of table 13 were obtained by the method similar to that in Example 70. 



Table 13 




Example Yield Melting Point 

number (%) (°C) 

R 1 R 2 (Recrystallizati 
on solvent) 



71 


morpholin-4 


-yl 


OMe 


53 


209- 


211 


(AcOEt ) 


72 


NMe 2 




CH(CH 3 ) 2 


54 


301- 


303 


(AcOEt) 


73 


morpholin-4 


-yl 


CH(CH 3 ) 2 


53 


296- 


298 


(AcOEt) 
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EXAMPLE 74 

Synthesis of 2-[7-chloro-6-{(morpholin-4-yl)methyl}-2-oxo^ 
2-trifluoromethylphenyl)acetamide 

[0377] 




[0378] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.20 g) in THF (5 ml) 
was combined with DMF (1 drop) and oxalyl chloride (86 ml), and stirred at room temperature for 1 hour. The reaction 
solution was concentrated under reduced pressure to obtain the residue, which was dissolved in THF (3ml), and added 
dropwise to a suspension of 4-chloro-2-trifluoromethylaniline (69 ml) and sodium hydride (60%, in oil) in THF (2 ml) at 
0°C. After stirring at room temperature for 12 hours, the reaction solution was combined with water, and the product 
was extracted with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric acid followed by a saturated 
aqueous solution of sodium chloride, a saturated aqueous solution of sodium hydrogen carbonate and a saturated 
aqueous solution of sodium chloride, and after drying over magnesium sulfate, the solvent was distilled off under 
reduced pressure. The resultant residue was dissolved in THF (2 ml), combined with morpholine (0.21 ml), and stirred 
for 3 days. The reaction solution was concentrated under reduced pressure, and the resultant residue was dissolved 
in ethyl acetate (30 ml), and then washed with a saturated aqueous solution of sodium chloride. After drying over 
magnesium sulfate, the solvent was distilled off under reduced pressure. The resultant residue was purified by a silica 
gel column chromatography (eluent: chloroform-methanol-aqueous ammonia=40:1 :0.1), and further purified by recrys- 
tallization from ethyl acetate to obtain the title compound (112 mg, yield: 57%). 
Melting point: 205-207°C. 

NMR (CDCI 3 ) 5: 2.35-2.45 (4H, m), 3.45-3.65 (8H, m), 7.21 (1H, s), 7.30-7.40 (2H, m), 7.45 (1H, s), 7.45-7.65 (5H, 
m), 8.08 (1H, d, J=9 Hz), 8.24 (1H, brs). 
IR(KBr): 1725, 1663, 1530, 1310 cm- 1 . 



Analysis for C29H23N2O4CI2F3 


Calcd (%) 
Found (%) 


C:58.90 H:3.92 N:4.74 
C:58.90 H:3.89 N:4.61 



EXAMPLE 75-79 

[0379] The compounds of table 14 were obtained by the method similar to that in Example 74. 
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Table 14 




Exaitple Yield Melting Point (°C) 
number R 1 r 2 (%) (Recrystallization 
solvent) 



75 


4 -phenyl- 1- 


H 


74 


201-203 (AcOEt-IPE) 




piperazinyl 










methyl 








76 


CK 2 NMe 2 


H 


35 


176-178 (AcOEt-IPE) 


77 


morpholin-4- 


H 


36 


171-172 (AcOE-IPE) 




ylmethyl 








78 


CI 


CHjNMeo 


95 


215-217 (AcOEt-IPE) 


79 


CI 


morpholin-4 - 


69 


216-218 (AcOEt-IPE) 



ylmethtyl 



EXAMPLE 80 

Synthesis of [7-chloro-3^2-(2,6Hjimethoxyanilin^ acetate 
[0380] 




[0381] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.13 g) in THF (3 ml) 
was combined with DMF (1 drop) and oxalyl chloride (56 ml), and stirred at room temperature for 1 hour. The reaction 
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solution was concentrated under reduced pressure, and the resultant residue was dissolved in THF (2 ml), and added 
dropwise to a solution of 2,6-dimethoxyaniline (46 ml) and triethylamine (86 ml) in THF (2 ml) at 0°C. After stirring for 
1 hour, the reaction solution was combined with water, and the product was extracted with ethyl acetate. The extract 
was washed with a 1 N solution of hydrochloric acid followed by a saturated aqueous solution of sodium chloride, a 

5 saturated aqueous solution of sodium hydrogen carbonate and a saturated aqueous solution of sodium chloride, and 
after drying over magnesium sulfate, the solvent was distilled off under reduced pressure. The resultant residue was 
dissolved in DMF (2 ml), combined with anhydrous sodium acetate (150 mg), and stirred at 60°C for 3 hours. The 
reaction solution was combined with water, and the product was extracted with ethyl acetate, and the extract was 
washed with a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, the solvent was 

10 distilled off under reduced pressure, and the resultant residue was purified by recrystallization from THF to obtain the 
title compound (61 mg, yield: 36%). 
Melting point: 229-231°C. 

NMR (CDCI 3 ) 8: 1.99 (3H, s), 3.50 (2H, brs), 3.78 (6H, brs), 5.09 (2H, s), 6.55 (2H, d, J=8 Hz), 7.06 (1H, brs), 7.16 
(1H, t, J=8 Hz), 7.25-7.60 (8H, m). 
15 IR(KBr): 1737, 1732, 1477, 1260 cm" 1 . 



Analysis for C 2 8H 2 4N0 7 CI 


Calcd (%) 
Found (%) 


C:64.43 H:4.63 N:2.68 
C:64.45 H:4.95 N:2.64 



EXAMPLE 81 

Synthesis of [7-chloro-3-{2-(2,6-isopropylanilino)-2-oxoethyl}-2-oxo-4-phenyl-2H-chromen-6-yl]]methyl acetate 
[0382] 



30 



35 



40 




45 

The title compound (yield: 27%) was obtained by the method similar to that in Example 80. 
Melting point: 290-292°C. 

NMR (CDCI3) 8: 1.15 (12H, d, J=7 Hz), 1.99 (3H, s), 3.03 (2H, m), 3.53 (2H, s), 5.10 (2H, s), 7.00-7.60 (11H, m). 
IR(KBr): 1732, 1647, 1532, 1364 cm' 1 . 



Analysis for C 32 H32N0 5 CI 


Calcd (%) 
Found (%) 


C:70.39 H:5.91 N:2.57 
C:70.41 H:5.67 N:2.58 
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EXAMPLE 82 

Synthesis of [7K:hloro-3^2-(4-ch1oro-2-trifluoro 
acetate 

5 

[0383] 



10 



15 




20 

[0384] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.30 g) in THF (6 ml) 
was combined with DMF (1 drop) and oxalyl chloride (130 ml), and stirred at room temperature for 1 hour. The reaction 
solution was concentrated under reduced pressure to obtain the residue, which was dissolved in THF (3 ml), and added 
dropwise to a suspension of 4-chloro-2-fluoromethylaniline (104 ml) and sodium hydride (60%, in oil) (121 mg) in THF 

25 (2 ml) at 0°C. After stirring for 1 hour, the reaction solution was combined with water, and the product was extracted 
with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric acid followed by a saturated aqueous 
solution of sodium chloride, a saturated aqueous solution of sodium hydrogen carbonate and a saturated aqueous 
solution of sodium chloride, and after drying over magnesium sulfate, the solvent was distilled off under reduced pres- 
sure. The resultant residue was dissolved in DMF (3 ml), combined with anhydrous sodium acetate (121 mg), and 

30 stirred at 60°C for 3 hours. The reaction solution was combined with water, and the product was extracted with ethyl 
acetate, and the extract was washed with a saturated aqueous solution of sodium chloride. After drying over magnesium 
sulfate, the solvent was distilled off under reduced pressure to obtain the residue, which was purified by a silica gel 
column chromatography (eluent: ethyl acetate-hexane=1:2), and further purified by recrystallization from ethyl acetate 
to obtain the title compound (126 mg, yield: 45%). 

35 Melting point: 186-187°C. 

NMR (CDCI 3 ) 8: 1.99 (3H, s), 3.49 (2H, s), 5.10 (2H, s), 7.08 (1H, s), 7.30-7.40 (2H, m), 7.45-7.65 (6H, m), 8.08 (1H, 

d, J=9 Hz), 8.17 (1H, brs). 

IR(KBr): 1725, 1663, 1530, 1310 cm- 1 . 



40 



Analysis for C 2 7H 18 N0 5 CI 2 F3 


Calcd (%) 
Found (%) 


C:57.46 H:3.21 N:2.48 
C:57.20 H:3.25 N:2.25 



45 EXAMPLE 83-84 

[0385] The compounds of table 15 were obtained by the method similar to that in Example 82. 
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10 



15 




20 



25 



Example 
number 


R 1 


R 2 


Yield 
(%) 


Melting Point (°C) 

(Recrystallization 
solvent) 


83 


CH 2 OAc 


H 


35 


184-185 (AcOEt) 


84 


CI 


CH 2 OAc 


56 


237-238 (AcOEt-IPE) 



EXAMPLE 85 

30 Synthesis of 2-[7-chloro-6-{(hydroxylmethyl)-2-oxo-4-phenyl-2H-ch^ 
acetamide . 

[0386] 



35 



40 



45 




50 



55 



[0387] [7-chloro-3-{2-(2-chloro^-trifluoro methyl ace- 

tate ester (81 mg) was dissolved in a solvent mixture of THF (4 ml) and methanol (2 ml), combined with DBU (0.11 
ml), and stirred at room temperature for 30 minutes. The reaction solution was diluted with ethyl acetate (30 ml), and 
then washed with a 1 N solution of hydrochloric acid followed by a saturated aqueous solution of sodium chloride, a 
saturated aqueous solution of sodium hydrogen carbonate and a saturated aqueous solution of sodium chloride, and 
after drying over magnesium sulfate, the solvent was distilled off under reduced pressure. The resultant residue was 
purified by a silica gel column chromatography (eluent: ethyl acetate), and further purified by recrystallization from 
ethyl acetate to obtain the title compound (34 mg, yield: 80%). 
Melting point: 241-243°C. 

NMR (CDCI 3 ) 8: 1.85 (1H, t, J=6 Hz), 3.48 (2H, s), 4.70 (2H, d, J=6 Hz), 7.21 (1H, s), 7.30-7.40 (2H, m) t 7.45-7.65 
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(6H ( m), 8.08 (1H, d, J=9 Hz), 8.19 (1H, brs). 
IR(KBr): 1699, 1655, 1306, 1144 cm* 1 . 



Analysis for C25H 16 N0 4 CI 2 F3 


Calcd (%) 
Found (%) 


C:57.49 H:3.09 N:2.68 
C:57.52 H:3.09 N:2.57 



EXAMPLE 86-87 

[0388] The compounds of table 16 were obtained by the method similar to that in Example 85. 




Example 
number 


R 1 


R 2 


Yield 


(%) Melting Point (°C) 
(Recrystallization 
solvent) 


86 


CH 2 Ofl 


H 


37 


226-227 (AcOEt) 


87 


CI 


CH 2 OH 


46 


220-222 (AcOEt-IPE) 



EXAMPLE 88-89 

[0389] The compounds of table 1 7 were obtained by the method similar to that in Example 15. 
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Example 




Yield 


Melting Point (°C) 


number 


R 


(%) 


(Recrystallization 








solvent ) 


88 


F 


52 


180-183 (AcOEt) 


89 


CI 


33 


189-192 (THF-IPE) 



REFERENCE EXAMPLE 29-31 

[0390] The compounds of table 18 were obtained by the method similar to that in Reference Example 7. 
Table 18 




Ref .Ex. 




Yield 


Melting Point (°C) 


number 


R 


(%) 


(Recrystallization 








solvent) 


29 


3-CF 3 


82 


159-161 (Et z O-hexane) 


30 


4-CF3 


82 


202-204 (IPE) 


31 


3, 5-di- (CF 3 ) 


75 


193-195 (IPE-hexane) 
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REFERENCE EXAMPLE 32-34 

[0391] The compounds of table 19 were obtained by the method similar to that in Reference Example 27. 
Table 19 



0CH 2 CH 3 



Ref .Ex. 
number 


R 


Yield 
(%) 


Melting Point CO 
(Recrystallization solvent) 


32 


3, 5-di-Me 


16 


174-276 (AcOEt) 


33 


3 -Me 


12 


182-184 (AcOEt) 


34 


3-CF 3 


22 


142-143 (Et 2 0-hexane) 



REFERENCE EXAMPLE 35-37 

[0392] The compounds of table 20 were obtained by the method similar to that in Reference Example 28. 
Table 20 



0. 




OH 



Ref. Ex. Yield Melting Point CO 

number R {%) (Recrystallization solvent) 

35 ~ " 3, 5-di-Me 70 187-190 (AcOEt) 

36 3-Me 89 247 (decomp.) (AcOEt) 
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90 200-202 (Et z O-IPE) 



EXAMPLE 90-95 

[0393] The compounds of table 21 were obtained by the method similar to that in Example 15. 



Table 21 





Example 
number 


R 1 


R 2 




Yield 
(%) 


Melting Point (°C) 
(Recrystallization 
solvent ) 


90 


F 


3-CF 3 




58 


213-214 


(AcOEt-IPE) 


91 


CI 


3-CF 3 




70 


206-207 


(THF-IPE) 


92 


F 


4-CF3 




78 


250-252 


(THF-TPE) 


93 


CI 


4-CF 3 




55 


249-250 


(AcOEt) 


94 


F 


3, 5-di- 


(CF 3 ) 


58 


278-280 


(THF-IPE) 


95 


CI 


3, 5-di- 


(CF 3 ) 


70 


254-256 


(THF-IPE) 



EXAMPLE 96-101 

[0394] The compounds of table 22 were obtained by the method similar to that in Example 15. 
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Table 22 



0. 




Example 
number 


R 1 


R 2 


Yield 
(%) 


Melting Point (°C) 
(Recrystallization solvent) 


96 


F 


3, 5-di-Me 


19 


274-276 


(AcOEt-IPE) 


97 


CI 


3, 5-di-Me 


12 


274-276 


(THF-IPE) 


98 


F 


3 -Me 


49. 


216-217 


(AcOEt) 


99 


CI 


3-Me 


60 


225-227 


(AcOEt-IPE) 


100 


F 


3-CF 3 


19 


227-229 


(AcOEt-IPE) 


101 


CI 


3-CF 3 


43 


122-123 


(AcOEt-hexane) 



REFERENCE EXAMPLE 38 

Synthesis of 3-(2-methylphenyl)-6,7-dihydro-5H-indeno[5,6-b]furan-2-carboxylic acid 
[0395] 




[0396] A solution of (6-hydroxy-2,3-dihydro-IH-inden-5-yl)(2-methylphenyl)methanone (2.0 g) in DMF (50 ml) was 
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combined with sodium hydride (60 %, in oil) (400 mg) with cooling in ice. After stirring at the same temperature for 30 
minutes, the mixture was combined with ethyl bromoacetate (1 ml), and stirred for 1 hour. The reaction solution was 
combined with water and extracted with ethyl acetate. The extract was washed with water, and then dried over mag- 
nesium sulfate, and the solvent was distilled off under reduced pressure. The resultant residue was dissolved in toluene 

5 (50 ml), and combined with DBU (2 ml). The reaction solution was heated under reflux overnight, and then combined 
with water, and extracted with ethyl acetate. The extract was washed with water, and then dried over magnesium 
sulfate, and the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chro- 
matography (packing: silica gel, eluent: ethyl acetate-hexane=1 :3) to obtain a crude product of ethyl 3-(2-methylphe- 
nyl)-6,7-dihydro-5H-indeno[5,6-b]furan-2-carboxylate. The resultant crude product of ester was dissolved in a solvent 

10 mixture of THF (50 ml) and methanol (30 ml), combined with a 1 N solution of sodium hydroxide (30 ml), and stirred 
at room temperature for 3 hours. The reaction solution was concentrated under reduced pressure, and the resultant 
residue was combined with water and extracted with ethyl acetate after acidifying with diluted hydrochloric acid. The 
extract was washed with water, and then dried over magnesium, and the solvent was distilled off under reduced pres- 
sure. The resultant residue was purified by recrystallization from ethyl acetate to obtain the title compound (0.9 g, yield: 

15 39%) as a colorless crystal. 
Melting point: 213-215°C. 

NMR (CDCI 3 ) 5: 2.13 (2H, m), 2.17 (3H, m), 2.91 (2H, t, J = 8 Hz), 3.04 (2H, t, J = 8 Hz), 7.11 (1H, s), 7.26 (2H, m), 
7.32 (2H, m), 7.45 (1H,s). 
IR(KBr): 3400-2400, 1720 cm- 1 . 

20 



Analysis for C 19 H 16 0 3 


Calcd (%) 
Found (%) 


C:78.06 H:5.52 
C:77.82 H:5.59 



25 

REFERENCE EXAMPLE 39-53 

[0397] The compounds of table 23 and table 24 were obtained by the method similar to that in Reference Example 38. 
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Table 23 




Ref . Ex. 
number 


R 


Yield (%) 


Melting Point (°C) 
(Recrystallization 
solvent ) 


39 


3 -Me 


72 


240-244 


(AcOEt) 


40 


4 -Me 


76 


240-244 


(AcOEt) 


41 


H 


63 


230-231 


(AcOEt) 


42 


4-F 


48 


215-218 


(AcOEt) 


43 


4-OMe 


85 


240-243 


(AcOEt ) 



Table 24 
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Ref .Ex. 
number 


R 


R 


_ -5 

R 


Yield 
(%) 


Melting Point (°C) 
(Recrystallization solvent) 


44 


2-Me 


CI 


Me 


53 


224-225 


(AcOEt) 


45 


H 


Me 


Me 


46 


268-269 


(AcOEt ) 


46 


2-Me 


Me 


Me 


39 


218-219 


(AcOEt) 


47 


3 -Me 


Me 


Me 


62 


224-226 


(AcOEt) 


48 


2-Me 


Me 


CI 


78 


190-220 


(AcOEt ) 


49 


3-Me 


Me 


CI 


33 


210-213 


(AcOEt) 


50 


2-Me 


CI 


CI 


62 


193-195 


(AcOEt-hexane) 


51 


2-Me 


F 


F 


40 


206-208 


(AcOEt) 


52 


2-Me 


<CH 2 ) 


4 


86 


Amorphous 


53 


3-Me 


(CH 2 ) 


4 


34 


228-230 


(AcOEt) 



EXAMPLE 102 

N- (2, 6-Dimethoxyphenyl)-N'-[3- (2-methy!phenyl)-67-dihydro-5H-indeno[5,6-b]furan-2-yl]urea 
[0398] 



H 3 C0 v ^^ 




[0399] A solution of 3- (2-methylphenyl)-6J-dihydro-5H-indeno[5,6-b]furan-2-carboxylic acid (3 g), triethylamine (2.2 
ml) and DPPA (2.9 ml) in benzene (200 ml) was stirred at room temperature for 1 hour, and then heated under reflux 
for 1 hour. After cooling to room temperature, to the reaction solution 2,6-dimethoxyaniline (1 .6 g) was added and then 
heated under reflux for 1 hour. The reaction solution was combined with water and chloroform, and the organic layer 
was washed with diluted hydrochloric acid followed by a saturated aqueous solution of sodium hydrogen carbonate 
and water, and after drying over magnesium sulfate, the solvent was distilled off under reduced pressure. The resultant 
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residue was purified by a silica gel column chromatography (eluent: chloroform), and further purified by recrystallization 
from THF-chloroform to obtain the title compound as a colorless crystal (2.4 g, 53%). 
Melting point: 270°C (decomp.). 

NMR (CDCI 3 ) 5: 2.11 (2H, m) t 2.27 (3H, m), 2.90 (2H, t, J = 7 Hz), 2.99 (2H, t, J = 7 Hz), 3.71 (6H, s), 6.54 (1H, s), 
5 6.56 (2H, d, J = 8 Hz), 6.86 (1h, bs), 7.06 (1H, s), 7.15 (1H, t, J = 8 Hz), 7.33 (5H, m). 
IR(KBr): 3241. 1659, 1557 cm' 1 . 



10 



Analysis for C27H26N2O4 


Calcd (%) 
Found (%) 


C:78.28 H:5.92 N:6.33 
C:73.15 H:6.00 N:6.29 



EXAMPLE 102-103 

15 [0400] The compounds of table 25 and table 26 were obtained by the method similar to that in Example 101. 
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Table 25 




Example 










Yield 


Melting 


Point CO 


number 


R 


R z 


R 




(%) 


(Recrystalli2ation 














solvent ) 




102 


3-Me 


OMe 


OMe 


H 


19 


208 


(decomp- ) 














(AcOEt) 




103 


4 -Me 


OMe 


OMe 


H 


53 


236 


(decomp. ) 














(AcOEt) 




104 


H 


OMe 


OMe 


H 


50 


238-241 


(AcOEt ) 


105 


2-Me 


Et 


Et 


H 


28 


250 


(decomp. ) 














(AcOEt) 




106 


3-Me 


Et 


Et 


H 


23 


225-228 


(AcOEt) 


107 


4 -Me 


Et 


Et 


H 


26 


250-254 


(AcOEt ) 


108 


H 


Et 


Et 


H 


42 


248-251 


(AcOEt) 


109 


2 -Me 


OEt 


OEt 


H 


45 


227 


(decomp. ) 














(AcOEt) 




110 


3-Me 


OEt 


OEt 


H 


14 


21C-212 


(AcOEt) 


111 


H 


OEt 


OEt 


H 


45 


210-212 


(AcOEt ) 


112 


2 -Me 


CH(CH 5 ) 2 


CH (CH 3 ) 2 


H 


33 


238 


(decomp. ) 














(AcOEt) 




113 


3-Me 


CH(CH 3 ) 2 


CH (CH 3 ) 2 


H 


34 


235 


(decomp. ) 














(AcOEt) 




114 


3-Me 


OMe 


Me 


H 


19 


208 


(decomp. ) 














(AcOEt) 




115 


2 -Me 


OMe 


OMe 


Me 


69 


28 0 (decomp.) 














(AcOEt-hex) 


116 


2-Me 


OMe 


OH 


H 


78 


210-212 


(THE) 



117 2-Me OMe 

118 2-Me OMe 

119 2-Me OMe 

120 4-F OMe 

121 4 -OMe OMe 



OMe OH 27 

OH OMe 36 

OMe F 4 5 

OMe H 36 

OMe H 58 



224-227 (AcOEt) 
218-221 (AcOEt) 
280 (decomp.) 
(CH 2 C1 2 ) 

24 6 (decomp.) 
(AcOEt ) 

238 (decomp. ) 
(AcOEt) 
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Table 26 




Exanple 


R x 




R 2 


R 3 
r\ 




Yield 


Melting Point (°C) 
(Recrystallization 
solvent) 


122 


2- 


-Me 


Ci 


Me 


OMe 


35 


282 (decomp.) (THF) 


123 


H 




Me 


Me 


OMe 


28 


252 (decomp.) (THF) 


124 


2- 


-Me 


Me 


Me 


OMe 


39 


238 

(AcOEt) 


(decomp. ) 


125 


3- 


■Me 


Me 


Me 


OMe 


47 


230 

(AcOEt) 


(decomp. ) 


126 


2- 


-Me 


Me 


CI 


OMe 


34 


242 

(AcOEt) 


( decomp . ) 


127 


3- 


•Me 


Me 


CI 


OMe 


34 


238 

(AcOEt) 


(decomp. ) 


128 


3- 


■Me 


Me 


CI 


Et 


23 


235-239 


(AcOEt) 


129 


2- 


Me 


CI 


CI 


OMe 


17 


275-277 


(THF) 


130 


2- 


■Me 


F 


F 


OMe 


26 


194-196 


(THF) 


131 


2- 


•Me 


(CH 2 ) 


4 


OMe 


26 


195 


(decomp. ) 



132 3-Me (CH 2 ) 4 OMe 47 

133 3-Me (CH 2 )« Et 32 



(AcOEt ) 
215 

(AcOEt) 
235 

(AcOEt ) 



(decomp . ) 
( decomp . ) 
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REFERENCE EXAMPLE 54-63 

[0401] The compounds of table 27 were obtained by the method similar to that in Reference Example 13. 
Table 27 



OH 




Re f . Ex . 
number 






Yield 


Melting Point (°C) 






(%) 


(Recrystallization 


R 1 R 2 


R 3 


solvent ) 


54 


(CH 2 ) 4 


3-Me 


89 


203-206 (AcOEt-IPE) 


55 


Me CI 


3-Cl 


58 


262-264 (AcOEt-IPE) 


56 


(CH 2 ) 3 


3-Cl 


63 


210-213 (AcOEt-IPE) 


57 


(CH 2 ), 


3-Cl 


73 


233-238 (AcOEt-IPE) 


58 


Me CI 


4-CF 3 


96 


231-234 






( AcOEt-hexane ) 


59 


(CH,) 3 


3, 4-Me 2 


87 


189-191 (AcOEt) 


60 


(CH 2 ) 3 


3-Cl, 4-F 


97 


243-244 (AcOEt) 


61 


Me CI 


3, 4-Me 2 


86 


225-227 (AcOEt) 


62 


Br Me 


H 


82 


256-257 (THF) 


63 


OMe CI 


H 


61 


254-257 (AcOH-H,0) 



REFERENCE EXAMPLE 64-65 

[0402] The compounds of table 28 were obtained by the method similar to that in Reference Example 27. 




OEt 



Ref . Ex. 
number 


R 


Yield 


Melting Point (°C) 




(%) 


(Recrystallization 
solvent) 


64 


3-Cl 


82 


164-165 (AcOEt) 


65 


4-CF 3 


37 


134-135 (Et,Q-hexane) 



REFERENCE EXAMPLE 66-67 

[0403] The compounds of table 29 were obtained by the method similar to that in Reference Example 28. 
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OH 



Ref .Ex. 
number 


R 


Yield 
(%) 


Melting Point (°C) 

(Recrystallization 
solvent) 


66 


3-Cl 


89 


173 (decomp.) (AcOEt) 


67 


4-CF 3 


84 


24 5 (decomp . ) 




(Et 2 0-IPE) 



EXAMPLE 134-153 

[0404] The compounds of table 30 were obtained by the method similar to that in Example 1 . 
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Table 30 




R 1 



R 3 



R 4 



Example 
number 










(%) 


134 


(CH 


2 ) 2 00 


3-C1 


2, 6-(i-Pr), 


11 


135 


(CH 2 ) 2 00 


3-Me 


2,6~(i-Pr) 2 


4 


136 


CO(CH,) 2 


3-C1 




46 


137 


Me 


CI 


3-C1 


2,6-Me2, 4-C1 


16 


138 


Me 


CI 


3-C1 


2-Me, 4-C1 


42 


139 


Me 


CI 


3-C1 


2-Me, 4-F 


74 


140 


Me 


CI 


3-C1 


2-CH 2 OH, 4-C1 


41 


141 


Me 


CI 


3-C1 


2-CH 2 0Me, 4 -CI 


34 


142 


Me 


CI 


3-C1 


2-CH 2 OC 2 H 4 OMe, 
4 -CI 


48 


143 


Me 


CI 


3-C1 


2-Me 


79 


144 


Me 


CI 


3-C1 


2-Et 


80 


145 


Me 


CI 


3-C1 


2-iPr 


64 


146 


Me 


CI 


3-C1 


2-Et, 4-C1 


66 


147 


Me 


CI 


3-C1 


2-Et, 4-F 


37 


148 


Me 


CI 


3-C1 


2, 3-Me 2 


56 


149 


Me 


CI 


3-C1 


2,4-Me 2 


69 


150 


Me 


CI 


3-C1 


2,5-Me 2 


59 


151 


Me 


CI 


3-C1 


2,3-(CH2) 4 


48 


152 


Me 


CI 


3-C1 


2,4-Cl 2 


54 


153 


Me 


CI 


3-C1 


2-C1, 4-F 


44 



Yield Melting Point (°C) 
(Recrystallization 
solvent) 



232-234 (THF-AcOEt) 

203-206 (THF-AcOEt) 

268-271 (THF-AcOEt) 

292-295 (THF-IPE) 

247-249 (AcOEt-IPE) 

242-245 (AcOEt-IPE) 
150<decomp.) (THF- 
AcOEt) 

180-184 (AcOEt-IPE) 

126-128 (AcOEt-IPE) 



239-240 
201-203 
205-207 
228-231 
226-227 
250-251 
220-222 
224-226 
242-247 
207-210 
211-213 



(AcOEt-IPE) 
(AcOEt-IPE) 
(AcOEt-IPE) 
(THF-AcOEt) 
(THF-AcOEt) 
(THF-AcOEt) 
(AcOEt-IPE) 
(AcOEt-IPE) 
(AcOEt-IPE) 
(AcOEt-IPE) 
(AcOEt-IPE) 



EXAMPLE 154-179 

[0405] The compounds of table 31 were obtained by the method similar to that in Example 15. 
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Table 31 




Example 
number 


R 1 R 2 


R 3 


R 4 




Yield Melting Point (°C) 
._. (Recrystallization 
solvent) 


154 


(CHj^CO 


3-C1 


2-CF3, 


4-C1 


31 


180 (decamp.) (AcOEt) 


155 


(CH 2 ) 2 C0 


3-C1 


2-CFj, 


4-F 


27 


150 (decamp.) (AcOEt) 


156 


00(0^)2 


4-CF 3 


2-CF3, 


4-F 


34 


146-148 


(THF-IPE) 


lo / 


CO (CH 2 ) 2 


H 


2-CF 3 , 


4 -CI 


32 


257-260 


(THF-AcOEt) 


158 




H 




4— F 


51 


257-259 


(THF-AcOEt) 


159 

~L. S 




H 


^- ^ c 3/ 




85 


232-234 


(THF-AcOEt) 


160 




H 


2— CR 


1 L 


47 


231-232 


(AcOEt ) 


161 










83 


236-238 


(AcOEt) 


162 






o_rp 


4 — R 


71 


253-254 


(AcOEt) 


163 










85 


221-223 


(AcOEt) 










4— F 


57 


219-222 


(AcOEt) 


165 




3-Me 


^» 3< 


4 -CI 


42 


192-196 


(AcOEt-IPE) 


166 


(CH 2 ) . 


3-Me 


2-CF,, 


4-F 


60 


215-216 


(AcOEt-IPE) 




Mo 






4_-T7 l 


50 


210-211 


(AcOEt -hexane ) 


168 


(0^)3 


3-C1 


2-CF 3/ 


4 -CI 


78 


215-219 


(AcOEt -hexane) 


169 




3-C1 


2-CF 3/ 


4-F 


82 


219-222 


(AcOEt -hexane ) 


170 


(CH 2 ) 4 


3-C1 


2-CF3, 


4-C1 


40 


214-217 


( AcOEt-hexane ) 


171 


(CH,), 


3 -CI 


2-CF 3/ 


4-F 


45 


220-224 


(AcOEt-hexane) 


172 


Me ci 


4-CF3 


2-CF3, 


4 -CI 


71 


261-264 


(AcOEt-IPE) 


173 


Me CI 


4-CF3 


2-CF 3 , 


4-F 


67 


250-252 


(AcOEt-IPE) 


174 


Me CI 


3, 4-Me 2 


2-CF3, 


4 -CI 


67 


253-254 


(THF-IPE) 


175 


Me CI 


3,4-Me 2 


2-CFj, 


4-F 


67 


240-241 


(THF-IPE) 


176 


Br Me 


K 


2-CF 3 , 


4-C1 


58 


223-225 


(AcOEt) 


177 


Br Me 


H 


2-CF3, 


4-F 


56 


237-238 


(AcOEt) 


178 


OMe CI 


H 


2-CF3, 


4-C1 


81 


246-247 


(THF-EtOH) 
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179 OMe CI H 



2-CF 3 , 4-F 52 218-220 (THF-EtOH) 



EXAMPLE 180-202 

[0406] The compounds of table 32 and table 33 were obtained by the method similar to that in Example 74. 



Table 32 




Example 
number 



YieldMelting Point {°C) 



R 2 R 3 (%) 



( Recrystallization 
solvent) 



180 
181 
182 

183 



187 
188 
189 
190 



NHMe 

NH(CH 2 ) 3 0(CH,) 3 CH 3 
NEt 2 

— N' ^N-Me 



CF 3 CI 65 
CF 3 CI 
CF 3 CI 87 



205-207 (AcOEt) 
104-106 (ACOEt-hexane) 
163-164 (AcOEt-IPE) 



184 — N s ,N-S0 2 Me 

185 — ^N~CH 2 Ph 



CF 3 CI 58 159 (AcOEt-IPE) 



CF 3 CI 73 205-208 (AcOEt-IPE) 



CF 3 CI 49 158-160 (AcOEt-IPE) 



186 — N v ,N— (CH 2 ) 2 0(CH 2 ) 2 CH 3 CF 3 CI 50 173-175 (AcOEt-IPE) 



,N-(2-Py) 



-O 

O-OH 



CF 3 CI 96 
CF 3 CI 77 
CF 3 CI 74 



205-207 (AcOEt-IPE) 

193 (deconp. ) (AcOEt- 
IPE) 

191-194 (AcOEt-IPE) 



CF 3 CI 86 203-207 (AcOEt) 
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Table 33 




191 
192 
193 
194 
195 
196 
197 



199 
200 
201 



— u(^y~ ph 
-<3- ph 
-O-O 



Me 

(2-Py) 



NEt 2 

-Co 



198 — N N-Ph 



,N-S0 2 Me 

V (2-Py) 



CF 3 CI 89 194-197 (AcOEt-IPE) 



CF 3 CI 73 196-197 (AcOEt-IPE) 



CF 3 CI 20 201-204 (AcOEt-IPE) 



CF 3 CI 32 186-188 (AcOEt) 



CF 3 CI 20 219-220 (THF-IPE) 
CF 3 F 25 



206-207 
hexane) 



CF 3 F 87 
CF 3 F 83 



200-203 
hexane) 

203-204 
hexane) 



( AcOEt - 
( AcOEt - 
(AcOEt - 



CF 3 F 82 216-218 (AcOEt-IPE) 

(AcOEt - 



CF 3 F 84 



198-200 
EtOH) 



CF 3 F 32 207-208 (THF-IPE) 



202 —I 



N v ^N-Ph 



Me CI 22 239-241 (THF-IPE) 
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EXAMPLE 203 

Synthesis of 2- [7^hloro-2K>xo^-phenyl^-[(pyrid 
2-(trifluoromethyl)phenyl]acetamide 

[0407] 




[0408] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.21 g) in THF (5 ml) 
was combined with DMF (1 drop) and oxalyl chloride (86 ml), and stirred at room temperature for 1 hour. The reaction 
solution was concentrated under reduced pressure, and the resultant residue was dissolved in THF (3 ml) and added 
dropwise to a suspension of 2-chloro-4-trifluoromethyianiline (72 ml) and sodium hydride (60%, in oil) (23 mg) in THF 
(2 ml) at 0°C. After stirring at room temperature for 12 hours, the reaction solution was combined with water, and the 
product was extracted with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric acid followed by 
a saturated aqueous solution of sodium chloride, a saturated aqueous solution of sodium hydrogen carbonate and a 
saturated aqueous solution of sodium chloride, and after drying over magnesium sulfate, the solvent was distilled off 
under reduced pressure. The resultant residue was dissolved in THF (10 ml), combined with 2-mercaptopyridine (0.088 
g) and DBU (0.118 ml), and stirred at room temperature for 24 hours. The reaction solution was combined with water, 
and extracted with ethyl acetate. The extract was washed with a saturated brine, and then dried over magnesium 
sulfate, and concentrated under reduced pressure. The resultant residue was recrystallized from ethyl acetate-diiso- 
propyl ether to obtain the title compound as a colorless crystal (205 mg, 65%). Melting point: 213-215°C. 

EXAMPLE 204 

Synthesis of 2-[7-chloro-2-oxo^-phenyl-6-[(pyridin-2-ylthio)methyl]-2H-chromen-3-yl]-N-t4-fluoro-2-(trifluoromethy!) 
phenyl]acetamide 

[0409] 




[0410] The title compound (yield: 71%) was obtained by the method similar to that in Example 203. Melting Point: 
195-196°C (AcOEt-IPE). 
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EXAMPLE 205 



Synthesis of 2-[6-[[acetyl(methyl)amino]met^ 
2-(trifluoromethyl)phenyl]acetamide 

5 

[0411] 



10 



15 




[0412] A solution of 2-[6-[(methylamino)methyl]-7-chto 

omethyl)phenyl]acetamide (Example 180) (0.20 g) in THF (5 ml) was combined with triethylamine (0.11 ml) and acetyl 
chloride (0.033 ml), and stirred for 3 hours. The reaction solution was combined with water and extracted with ethyl 
20 acetate. The extract was washed with a saturated aqueous solution of sodium bicarbonate followed by a saturated 
brine, and then dried over magnesium sulfate, and concentrated under reduced pressure. The resultant residue was 
purified by column chromatography (packing: silica gel, eluent: ethyl acetate-hexane=1:4), and further recrystallized 
from ethyl acetate-diisopropyl ether to obtain the title compound as a colorless crystal (105 mg, 48%). Melting point: 
1 99-201 °C. 

25 

EXAMPLE 206 

Synthesis of 2-[6-[[benzoyl(methyl)amino]methyl]-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]-N-[4-chloro- 
2-(trifluoromethyl)phenyl]acetamide 

30 

[0413] 



35 



40 




[0414] The title compound (yield: 66%) was obtained by the method similar to that in Example 205. Melting Point: 
215-21 6°C (AcOEt-Hexane). 

45 



50 



55 
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EXAMPLE 207 

Synthesis of 2-[7-chlorcK2-oxo-4-phenyl-6-(piperazin-1-yi)meto^^ 
phenyl]acetamide 

5 

[0415] 



10 



15 




[0416] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.28 g) in THF (7 ml) 
was combined with DMF (1 drop) and oxalyl chloride (120 ml), and stirred at room temperature for 1 hour. The reaction 
solution was concentrated under reduced pressure to obtain the residue, which was dissolved in THF (5 ml) and added 

20 dropwise to a suspension of 2-chloro-4-trifluoromethylaniline (101 ml) and sodium hydride (60%, in oil) (32 mg) in THF 
(3 ml) at 0°C. After stirring at room temperature for 12 hours, the reaction solution was combined with water, and the 
product was extracted with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric acid followed by 
a saturated aqueous solution of sodium chloride, a saturated aqueous solution of sodium hydrogen carbonate and a 
saturated aqueous solution of sodium chloride, and after drying over magnesium sulfate, the solvent was distilled off 

25 under reduced pressure. The resultant residue was dissolved in THF (10 ml), combined with tert-butyl 1-piperidinecar- 
boxylate (0.191 g) and triethylamine (0.14 ml), and heated under reflux for 5 hours. The reaction solution was combined 
with water and extracted with ethyl acetate. The extract was washed with a saturated brine, dried over magnesium 
sulfate, and then concentrated under reduced pressure. The resultant residue was dissolved in acetic acid (10 ml), 
combined with concentrated hydrochloric acid (10 ml), and then heated under reflux for 30 minutes. The reaction 

30 solution was combined with water and extracted with ethyl acetate. The extract was washed with a saturated sodium 
bicarbonate followed by a saturated brine, dried over magnesium sulfate, and then the extract was concentrated under 
reduced pressure. The resultant residue was recrystallized from ethyl acetate-diisopropyl ether to obtain the title com- 
pound as a colorless crystal (122 mg, 30%). Melting point: 237-242°C. 

35 EXAMPLE 208 

Synthesis of 2-(7-chloro-6-hydroxy-2-oxo-4-phenyl-2H-chromen-3-yl)-N-[4-chloro-2-(trifluoromethyl)phenyl] 
acetamide 

40 [0417] 



45 




50 

[0418] A solution of 2-(7-chloro-6-methoxy-2-oxo-4-phenyl-2H-chromen-3-yl)-N-[4-chloro-2-(trifluoromethyl)phenyl] 
acetamide (Example 1 78) (3.20 g) in methylene chloride (10 ml) was combined with a 1 M solution of boron tribromide/ 
methylene chloride (31 .6 ml, 13.6 mmol), and stirred at room temperature for 3 days. The reaction solution was poured 
into an ice water, to which concentrated hydrochloric acid was then added. The precipitate was filtered and washed 
55 with isopropanol followed by ether to obtain the title compound as a colorless crystal (2.05 g, 64%). An aliquot was 
recrystallized from THF-isopropyl ether to measure a melting point. Melting point: 246-24 7°C. 
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EXAMPLE 209 

Synthesis of 2-(7-chloro-6-hydroxy-2K3xo-4-phenyl-2H-chrom 
5 [0419] 



10 




15 

[0420] The title compound (yield: 58%) was obtained by the method similar to that in Example 208. Melting Point: 
240-243°C (AcOEt-Hexane). 

EXAMPLE 210 

20 

Synthesis of 2-(7-ch!oro-2-oxo^-phenyl-6-(2-propoxyethoxy)-2H-ch^ 
phenyl]acetamide 

[0421] 

25 



30 




35 [0422] A solution of 2-(7-chloro-6-hydroxy-2-oxo-4-phenyl-2H-chromen-3-yl)-N-[4-chloro-2-(trifluoromethyl)phenyl] 
acetamide (Example 208) (0.30 g) in DMF (5 ml) was combined with 2-chloroethyl ethyl ether (0.31 ml), potassium 
carbonate (0.23 g) and sodium iodide (0.15 g), and stirred at 120°C for 30 minutes. The reaction solution was combined 
with water and extracted with ethyl acetate. The extract was washed with a saturated brine, and then dried over mag- 
nesium sulfate, and concentrated under reduced pressure. The resultant residue was recrystallized from ethyl acetate- 

40 diisopropyl ether to obtain the title compound as a colorless crystal (151 mg, 43%). Melting point: 170-171°C. 

EXAMPLE 211-213 

[0423] The compounds of table 34 were obtained by the method similar to that in Example 210. 

45 



50 



55 



95 
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C, YY°T°X jfjT 

JL H CF 

_ 

Example 
number 

211 0(CH,),0(CH,) ,C1 



Example 
number 


R 1 


R 2 


Yield 
(%) 


Melting Point (°C) 
(Recrystallization 
solvent) 


211 


0(CH 2 ) 2 0(CH 2 ) 2 CH 3 


F 


32% 


161-162 (AcOEt-IPE) 


212 


O (CH 2 ) 2 OPh 


CI 


54% 


176-177 (AcOEt-IPE) 


213 


0(CH 2 ) 2 OPh 


F 


52% 


189-190 (AcOEt-IPE) 



EXAMPLE 214 

Synthesis of N-[4-fluoro-2-(trifluoromethy0 
25 chromen-3-yl)acetamide 

[0424] 




[0425] A suspension of NaBH 4 (30 mg) in DME (2 ml) was combined with 2-(2,8-dioxo-4-phenyl-2,6,7,8-tetrahydro- 
40 cyclopenta[g]chromen-3-yl)-N-[4-fluoro-2-(trifluoromethyl)phenyl]-acetamide (Example 88) (170 mg) with cooling in 
ice, and further combined with methanol, and stirred at room temperature for 10 minutes. The reaction solution was 
poured into diluted hydrochloric acid, which was then extracted with ethyl acetate. The extract was washed with water, 
and then dried over magnesium sulfate, and concentrated under reduced pressure to obtain the title compound as a 
colorless crystal (110 mg, yield: 65%). An aliquot was recrystallized from ethyl acetate to measure a melting point. 
45 Melting point: 217-218°C. 
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EXAMPLE 215 

Synthesis of N-[4-fluoro-2-(trifluoromethyi)phenylJ-2-[8-hydroxy^-(3-methylph 
6,7,8-tetrahydrocyclopenta[g]chromen-3-yl]acetamide 

[0426] 



HO 




[0427] The title compound (yield: 82%) was obtained by the method similar to that in Example 214. Melting Point: 
225-227°C (AcOEt). 

EXAMPLE 216 

Synthesis of N-[4-fluoro-2-(trifluoromethyl)^ 
acetamide 

[0428] 




[0429] A solution of N-[4-fluoro-2-(trifluoromethyl)phenyl]-2-(8-hydroxy-2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopen- 
ta[g]chromen-3-yl)acetamide (Example 214) (250 mg) in toluene (50 ml) was combined with p-TsOH monohydrate 
(300 mg), and heated under reflux for 30 minutes. After the reaction solution was concentrated, the resultant residue 
was purified by a silica gel column chromatography (eluent: hexane-ethyl acetate=3:1) to obtain the title compound as 
a colorless crystal (200 mg, yield: 74%). An aliquot was recrystallized from THF to measure a melting point. Melting 
point: 21 7-21 8°C. 
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EXAMPLE 217 

Synthesis of N-[4-fluoro-2-(trifluoromethyl)phenyI]-2-[4-(3-methylphenyl) -2-oxo-2, 6-dihydrocyclopenta[g]chromen- 
3-yl]acetamide 

[0430] 



10 



15 




[0431] The title compound (yield: 55%) was obtained by the method similar to that in Example 216. Melting Point: 
196-197°C (AcOEt-Hexane). 

20 EXAMPLE 218 

Synthesis of methyl (2E)-343-[2-[[4-fluoro-2-(trifluorom 
chromen-6-yl]propenoate 

25 [0432] 




35 

[0433] A solution of 2-(6-bromo-7-methyl-2-oxo-4-phenyl-2H-chromen-3-yl)-N-[4-fluoro-2-(trifluoromethyl)phenyl] 
acetamide (Example 177) (500 mg) in DMF (5 mL) was combined with methyl acrylate (0.14 mL), Et 3 N (0.21 mL), Pd 
(OAc) 2 (5 mg) and triphenylphosphine (10 mg) under argon atmosphere, and stirred with heating at 120°C for 10 hours. 
The reaction solution was combined with water and extracted with ethyl acetate. The extract was washed with diluted 
40 hydrochloric acid followed by an aqueous solution of NaHC0 3 and water, and then dried over magnesium sulfate, and 
concentrated under reduced pressure to obtain the title compound as a colorless crystal (360 mg, yield: 72%). An 
aliquot was recrystallized from ethyl acetate to measure a melting point. Melting point: 233-236°C. 

REFERENCE EXAMPLE 68 

45 

Synthesis of ethyl 2-(6,7-dimethyl-2-oxo-4-phenyl-2H-chromen-3-yl)acetate 
[0434] 



55 
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[0435] The title compound (yield: 75%) was obtained by the method similar to that in Reference Example 21 . Melting 
point: 127-128°C (AcOEt-Hxane) 

REFERENCE EXAMPLE 69 

5 

Synthesis of ethyl 2-[6,7-bis(acetoxymethyl)-2-oxo-4-phenyl-2H-chromen-3-yl]acetate 
[0436] 

10 



15 




[0437] A solution of ethyl 2-(6,7-dimethyl-2-oxo-4-phenyl-2H-chromene-3-yl)acetate (0.50 g) in ethyl acetate (20 ml) 
20 was combined with N-bromosuccinimide (0.66 g) and 2,2'-azoisobutyronitrile (24.4 mg), and heated under reflux for 1 
hour. After cooling, the reaction solution was washed with water followed by a saturated aqueous solution of sodium 
hydrogen carbonate and a saturated aqueous solution of sodium chloride. After drying over magnesium sulfate, the 
solvent was distilled off under reduced pressure. The resultant residue was dissolved in DMF (10 ml), combined with 
anhydrous sodium acetate (488 mg), and stirred at 60°C for 5 hours. The reaction solution was combined with water, 
25 and the product was extracted with ethyl acetate, and the extract was washed with a saturated aqueous solution of 
sodium chloride. After drying over magnesium sulfate, the solvent was distilled off under reduced pressure. The re- 
sultant residue was purified by a silica gel column chromatography (eluent: ethyl acetate-hexane), and further recrys- 
tallized from ether-diisopropyl ether to obtain the title compound (281 mg, yield: 42%). Melting point: 95-96?C. 

30 REFERENCE EXAMPLE 70 

Synthesis of ethyl 2-[6,7-bis(hydroxymethyl)-2-oxo-4-phenyl-2H-chromen-3-yl]acetate 

[0438] 

35 



40 




[0439] A solution of ethyl 2-[6,7-bis(acetoxymethyl)-2-oxo-4-phenyl-2H-chromen-3-yl]acetate (240 mg) in ethanol (4 
ml) was combined with DBU (0.4 ml), and stirred at room temperature for 30 minutes. The reaction solution was diluted 
with ethyl acetate (30 ml), and then washed with a 1 N solution of hydrochloric acid followed by a saturated aqueous 
solution of sodium chloride, a saturated aqueous solution of sodium hydrogen carbonate and a saturated aqueous 
solution of sodium chloride, and after drying over magnesium sulfate, the solvent was distilled off under reduced pres- 
sure. The resultant residue was recrystallized from ether to obtain the title compound (167 mg, yield: 86%). Melting 
point: 130-1 31 °C. 



55 
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REFERENCE EXAMPLE 71 

Synthesis of ethyl 2-(2 t 8^ioxo^-phenyl-6^-dihydro-2H-furo(3,4-g]chromen-3-yl)acetate 
[0440] 




OEt 



[0441] A solution of ethyl 2-[6,7-bis(hydroxymethyl)-2-oxo-4-phenyl-2H-chromen-3-yl]acetate (150 mg) in dichlo- 
romethane (3 ml) was combined with manganese dioxide (1.5 g), and stirred at room temperature overnight. After the 
catalyst was filtered off, the filtrate was concentrated under reduced pressure to obtain the residue, which was recrys- 
tallized from THF to obtain the title compound (98 mg, yield: 66%). 
Melting point: 222-223°C. 

REFERENCE EXAMPLE 72 

Synthesis of 2-(2,8-dioxo-4-phenyl-6,8-dihydro-2H-furo[3,4-g]chromen-3-yl)acetic acid 
[0442] 




OH 



[0443] Ethyl 2-(2,8-dioxo-4-phenyl-6,8-dihydro-2H-furo[3,4-g]chromen-3-yl)acetate (58 mg) was dissolved in acetic 
acid (2 ml) and concentrated hydrochloric acid (1 ml), and heated under reflux for 30 minutes. The reaction solution 
was concentrated under reduced pressure to obtain the residue, which was dissolved in a solvent mixture of THF (10 
ml) and ethyl acetate (50 ml), and then washed with water followed by a saturated aqueous solution of sodium chloride. 
After drying over magnesium sulfate, the solvent was distilled off under reduced pressure, and the residue was recrys- 
tallized from THF-isopropyl ether to obtain the title compound (72 mg, yield: 92%). Melting point: 226-227°C. 



EXAMPLE 219 



Synthesis of 2-[7-chloro-6-(cyanomethyl)-2-oxo^-phenyl-2H-chromen-3-yl]-N-(4-chloro-2-trifluoromethylphenyl) 
acetamide 



[0444] 
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[0445] A solution of 2-[6-(bromomethyl)-7-chloro-2<)xo-4-phenyl-2H-chrornen-3-yl]acetic acid (1 .6 g) in THF (40 ml) 
was combined with DMF (5 drops) and oxalyl chloride (0.7 ml), and stirred at room temperature for 1 hour. The reaction 
solution was concentrated under reduced pressure to obtain the residue, which was dissolved in THF (20 ml) and 
added dropwise to a suspension of 2-chloro-4-trifluoromethylaniline (0.55 ml) and sodium hydride (60%, in oil) (176 

5 mg) in THF (20 ml) at 0°C. After stirring at room temperature for 12 hours, the reaction solution was combined with 
water, and the product was extracted with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric 
acid followed by a saturated aqueous solution of sodium chloride, a saturated aqueous solution of sodium hydrogen 
carbonate and a saturated aqueous solution of sodium chloride, and after drying over magnesium sulfate, the solvent 
was distilled off under reduced pressure. The resultant crude crystal of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl- 

10 2H-chromene-3-yl]-N-(4-chloro-2-trifluoromethylphenyl)acetamide was dissolved in DMF (6 ml), combined with sodium 
cyanide (0.13 g), and stirred for 3 hours. The reaction solution was combined with water to form a precipitate, which 
was filtered and washed with water followed by methanol and ether. The precipitate thus obtained was purified by a 
silica gel column chromatography (eluent: chloroform-ethyl acetate-hexane=5:1 :4), and furtherrecrystallized from THF- 
diisopropyl ether to obtain the title compound (480 mg, yield: 55%). Melting point: 247-248°C. 

15 

EXAMPLE 220 

Synthesis of 2-[6-(aminoethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]-N-(4-chloro-2-trifluoromethy I phenyl) 
acetamide 

20 

[0446] 



25 




[0447] A solution of 2-[7-chloro-6-(cyanomethyl)-2-oxo-4-phenyl-2H-chromen-3-yl]-N-(4-chloro-2-trifluoromethyl- 
phenyl)acetamide (100 mg) in THF (5 ml) was combined with Raney-cobalt (100 mg), and stirred under hydrogen 
atmosphere (4.5 atm) at room temperature for 7 hours. After the catalyst was filtered off, the filtrate was concentrated 
35 under reduced pressure to obtain the residue, which was recrystallized from ethyl acetate to obtain the title compound 
(27 mg, yield: 27%). Melting point: 165-167°C. 

EXAMPLE 221 

40 Synthesis of 2-(2,8-dioxo-4-phenyl-6,8-dihydro-2H-furo[3,4-g]chromen-3-yl)-N-[4-fluoro-2-(trifluoromethyl)phenyl] 
acetamide 

[0448] 

45 



50 




55 [0449] The title compound (yield: 71%) was obtained by the method similar to that in Example 15. Melting Point: 
253-254°C (AcOEt-IPE). 
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EXAMPLE 222 

Synthesis of 2-[7-chloro-6-[(1 -oxide-4-phenyl-1 -piperazinyl)methyl]-2K)xo^-phenyl-2H-chromen-3-yl]-N-[4^hloro- 
2-(trifluoromethyl)phenyl]acetamide 

[0450] 



10 



15 




[0451] A solution of 2-[7-chloro-2-oxo-4-phenyl-6-[(4-phenyl-1-piperazinyl)mem^ 

2-(trifluoromethyl)phenyl]acetamide (1.0 g) in chloroform (5 ml) was combined with mCPBA (0.41 g), and stirred at 
20 room temperature for 30 minutes. The reaction solution was subjected as it was to a silica gel column chromatography 
(eluent: ethyl acetate-methanol-aqueous ammonia=85:15:1)for purification, and followed by recrystallization from ethyl 
acetate-diisopropyl ether to obtain the title compound (218 mg, yield: 21%). Melting point: 157-159?C. 

EXAMPLE 223 

25 

Synthesis of 2-[7-chloro-6-[(4<>xide^-phenyl-1-piperazi 
2-(trifluoromethyl)phenyl]acetamide 

[0452] 



35 




40 

[0453] A solution of 2-[7-chloro-2-oxo-4-phenyl-6-[(4-phenyl-1-piperazinyl)methyl]-2H-chromen-3-yl]-N-[4-chloro- 
2-(trifluoromethyl)phenyl]acetamide (1.0 g) in chloroform (5 ml) was combined with mCPBA (0.41 g), and stirred at 
room temperature for 30 minutes. The reaction solution was subjected as it was to a silica gel column chromatography 
(eluent: ethyl acetate-methanol-aqueous ammonia=85:15:1)to fractionate 2-[7-chloro-6-[(1-oxide-4-phenyl-1-piperazi- 
45 nyl]methyl]-2-oxo-4-phenyl-2H-chromen-3-yl]-N-[4-chloro-2-(trifluoromethyl)phenyl]acetamide (Example 222), after 
which the remaining trace components were further purified by HPLC (CHIRALCEL OD, hexane-ethanol=8:2) to obtain 
the title compound (71 mg, yield: 7%). Melting point: 183-184°C. 



55 
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EXAMPLE 224 

Synthesis of 2-[7n:hlorcH2K>xcH4-phenyl-6-[(4-phenyl-1-pipera2inyl)methyl]-2H 
2-(trifluoromethyl)phenyl]acetamide hydrochloride 

[0454] 



10 



15 




[0455] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.41 g) in THF (10 
ml) was combined with DMF (1 drop) and oxalyl chloride (0.2 ml), and stirred at room temperature for 1 hour. The 

20 reaction solution was concentrated under reduced pressure to obtain the residue, which was dissolved in THF (5 ml) 
and added dropwise to a suspension of 2-chloro-4-trifIuoromethylaniline (0.14 ml) and sodium hydride (60%, in oil)(44 
mg) in THF (5 ml) at 0°C. After stirring at room temperature for 12 hours, the reaction solution was combined with 
water, and the product was extracted with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric 
acid followed by a saturated aqueous solution of sodium chloride, a saturated aqueous solution of sodium hydrogen 

25 carbonate and a saturated aqueous solution of sodium chloride, and after drying over magnesium sulfate, the solvent 
was distilled off under reduced pressure. A solution of the resultant crude crystal of 2-[6-(bromomethyl)-7-chloro-2-oxo- 
4-phenyl-2H-chromen-3-yl] -N- (4-chloro-2-trifl uoromethy I phenyl )acetamide in DMF (10 ml) was combined with 1-phe- 
nyl-piperazine (0.166 g) and potassium carbonate (0.285 g), and stirred at 80°C for 30 minutes. After cooling, the 
reaction solution was diluted with ethyl acetate (5 ml), and poured into water (120 ml). The precipitate formed was 

30 filtered and washed with water (20 ml) followed by ethanol (10 ml). The crystal filtered was dissolved in THF (6 ml), 
and then combined with concentrated hydrochloric acid (0.26 ml), and stirred for 20 minutes. The precipitate was 
filtered, and washed with ethyl acetate to obtain the title compound (491 mg, yield: 70%). Melting point: 238-239PC. 

EXAMPLE 225 

35 

Synthesis of 2-[7-chloro-2-oxo-4-phenyl-6-[(4-phenyl-1-piperazinyl)methyl]-2H-chromen-3-yl]-N-[4-chloro- 
2-(trifluoromethyl)phenyl]acetamide methansulfonate 

[0456] 



45 




50 

[0457] The title compound (yield: 67%) was obtained by the method similar to that in Example 224. Melting Point: 
198-204°C (THF-EtOH). 
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EXAMPLE 226 

Synthesis of 2-[7-chlorc>-2-oxcM-phenyl-6-[(4-phenyM-pi^^ 

2-(trifluoromethyl)phenyl]acetamide (Alternative synthesis method of the compound of Example 75) 

5 

[0458] 



10 



15 




[0459] A solution of 2-[6-(bromomethyl)-7-chloro-2-oxo-4-phenyl-2H-chromen-3-yl]acetic acid (0.41 g) in THF (10 
ml) was combined with DMF (1 drop) and oxalyl chloride (0.2 ml), and stirred at room temperature for 1 hour. The 

20 reaction solution was concentrated under reduced pressure to obtain the residue, which was dissolved in THF (5 ml) 
and added dropwise to a suspension of 2-chloro-4-trifluoromethylaniline (0.14 ml) and sodium hydride (66%, in oil)(44 
mg) in THF (5 ml) at 0°C. After stirring at room temperature for 12 hours, the reaction solution was combined with 
water, and the product was extracted with ethyl acetate. The extract was washed with a 1 N solution of hydrochloric 
acid followed by a saturated aqueous solution of sodium chloride, a saturated aqueous solution of sodium hydrogen 

25 carbonate and a saturated aqueous solution of sodium chloride, and after drying over magnesium sulfate, the solvent 
was distilled off under reduced pressure. A solution of the resultant crude crystal of 2-[6-(bromomethyl)-7-chloro-2-oxo- 
4-phenyl-2H-chromen-3-yl]-N-(4-chloro-2-trifluoromethylpheny!)acetamide in DMF (10 ml) was combined with 1 -phe- 
nyl piperazine (0.166 g) and potassium carbonate (0.285 g), and stirred at 80°C for 30 minutes. After cooling, the 
reaction solution was diluted with ethyl acetate (5 ml), and poured into water (120 ml). The precipitate formed was 

30 filtered, and washed with water (20 ml) followed by ethanol (10 m!). The crystal filtered was dissolved in THF (6 ml), 
and then combined with concentrated hydrochloric acid (0.26 ml), and stirred for 20 minutes. The precipitate was filtered 
and washed with ethyl acetate. A suspension of the precipitate filtered in ethanol (10 ml) was combined with a saturated 
aqueous solution of sodium hydrogen carbonate (30 ml), and stirred for 20 minutes. The precipitate was filtered and 
washed with water (20 m) followed by ethanol (10 ml). The crystal filtered was dissolved in THF (20 ml), and then dried 

35 over magnesium sulfate, and then concentrated under reduced pressure. The resultant residue was recrystallized from 
THF-ethanol to obtain the title compound as a colorless crystal (0.431 g, yield: 63%). Melting point: 201-203°C. 

REFERENCE EXAMPLE 73 

40 Synthesis of ethyl [7-chloro-2-oxo-4-phenyl-6-[(4-phenylpiperazin-1-yl)methyl]-2H-chromen-3-yl] acetate- 
hydrochloride 

[0460] 

45 



50 




55 [0461] Ethyl (7-chloro-6-methyl-2-oxo-4-phenyl-2H-chromen-3-yl)acetate (100 g), N-bromosuccinimide (59.9 g) and 
2-2*-azobis-2,4-dimethylvaleronitrile (3.48 g) were suspended in AcO*Bu (700 ml) under nitrogen atmosphere, and 
stirred at 80°C for 2 hours. The reaction solution was cooled, and treated dropwise with triethylamine (34.03 g) at 25°C 
or lower over 10 minutes, followed by treatment dropwise with phenylpiperazine (45.47 g) at 40°C or lower internal 
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temperature over 15 minutes. After completing dropwise addition, the mixture was stirred for 2 hours. To the reaction 
solution was added dropwise ethanol (500 ml) over 15 minutes, and further added dropwise water (200 ml) over 15 
minutes. After completing dropwise addition, the mixture was stirred at room temperature for 30 minutes, and further 
stirred with cooling in ice for 1 hour. The crystal formed was filtered and washed with 50% ethanol to obtain the crude 
5 crystal (100 g, yield: 69%) of ethyl [7-chloro-2<>xo-4-phenyl-6-[(4-phenylpipera2ine-1-yl)methyl]-2H-chromene-3-yl] 
acetate. 

[0462] The resultant crude crystal (70 g) was suspended in a mixture solution of ethanol (280 ml) and AcO l Bu (280 
ml), and combined with concentrated hydrochloric acid (12.2 ml) at 40°C. After stirring at 40°C for 30 minutes, the 
mixture was cooled to room temperature, and further cooled with cooling in ice, and stirred for 1 hour. The crystal 
10 formed was filtered and washed with 50% ethanol to obtain the title compound (72 g, yield: 96%) as a white crystal. 
[0463] NMR (CDCI 3 ) 5: 1 .23 (3H, t, J = 7 Hz), 3.20-3.50 (4H, m), 3.41 (2H, s), 3.50-3.65 (2H, m), 3.70-3.90 (2H, m), 
4.14 (2H, q, J = 7 Hz), 4.20-4.35 (2H, m), 6.95-7.10 (3H, m), 7.20-7.40 (5H, m), 7.52 (1 H,s), 7.50-7.65 (3H,m), 7.80-7.90 
(1H, brs). 

15 REFERENCE EXAMPLE 74 

Synthesis of [7-chloro-2-oxo-4-phenyl-6-[(4-phenylpiperazin-1 -yl)methyl]-2H-chromen-3-yl]acetic acid 

[0464] 

20 



25 




COOH 



30 

[0465] Ethyl [7-chloro-2-oxo-4-phenyl-6-[(4-phenylpiperazin-1-yl)methyl]-2H-chromen-3-yl]acetatehydrochloride 
(40 g) was suspended in ethanol (120 ml), and combined with a 2 N aqueous solution of sodium hydroxide (144.5 ml). 
A yellow clear solution obtained by stirring at 70°C for 1 hour was added dropwise to a mixture solution of ethanol (40 
ml) and 6 N hydrochloric acid (49.4 ml) over 45 minutes. The reaction solution was adjusted to pH 5.5 to 6.0 with 
35 sodium hydrogen carbonate at 40°C. After pH became stable, the mixture was stirred at 35 to 40°C internal temperature 
for 15 minutes, and cooled to room temperature, and stirred at room temperature for 30 minutes. The crystal formed 
was filtered and washed with 30% ethanol to obtain the title compound (34g, yield: 96%) as a white crystal. 
[0466] NMR (CDCI3) 6: 2.45-2.70 (2H,m), 2.90-3.25 (3H,m), 3.39 (2H, s), 3.40-3.85 (4H, m), 4.20-4.40 (2H, m), 
6.80-7.00 (2H, m), 7.10-7.70 (10H,m). 

40 

REFERENCE EXAMPLE 75 

Synthesis of [6-(bromomethyl)-7-chloro-4-(3-chlorophenyl)-2-oxo-2H-chromene-3-yl]acetic acid 
45 [0467] 



50 




55 

[0468] The title compound was obtained by the method similar to that in Reference Example 24. 

[0469] NMR (CDCI3) 5: 3.36 (1H, d. J = 17 Hz), 3.47 (1H, d, J = 17 Hz), 4.60 (2H, s), 7.07 (1H, s), 7.18 (1H, m), 7.28 

(1H, m), 7.48 (1H, s), 7.55 (2H, m). 
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EXAMPLE 227 

Synthesis of 2-r7^hloro-2-oxo^-phenyl^-[(4-phe 

2-(trifluoromethyl)phenyl]acetamide (Alternative synthesis method of the compound of Example 75) 
[0470] 



10 



15 




[0471] [7-Chloro-2-oxo-4-phenyl-6-[(4-phenylpiperazine-1-yl)methyl]-2H-chromen-3-yl]acetic acid (500 g) was sus- 
pended in a mixture solution of THF (5 L) and DMF (5 ml), and cooled to 5°C or lower with cooling in ice. Thionyl 

20 chloride (150 ml) was added dropwise at the same temperature. After completing dropwise addition, the mixture was 
allowed to warm to room temperature, and stirred at 25 to 30°C for 5 hours. The reaction solution was combined with 
toluene (2 L) and concentrated under reduced pressure. The resultant residue was suspended in THF (5 L), combined 
with 4-chloro-2-(trifluoromethyl)aniline (250 g), and refluxed at 80°C for 5 hours. The reaction solution was cooled to 
40°C, and combined with acetone (5 L) and water (2.5 L). The mixture was adjusted to pH 7.6 with 25% aqueous 

25 ammonia, and stirred at 15 to 20°C for 30 minutes. The crystal precipitated was separated by centrifugal separator, 
and washed with acetone and water to obtain the title compound (487 g, yield: 71%). 
Melting point: 201-203°C. 

EXAMPLE 228-248 

30 

[0472] The compounds of table 35 were obtained by the method similar to that in Example 74. 
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Table 35 







R 1 


R 2 






Melting Point ( 
(Recrystallization 
solvent) 


228 


4-C1 


2-CF 3 , 


4 -CI 


47 


215-217 


(AcOEt-hexane ) 


229 


4 -CI 


2-CF 3/ 


4-F 


22 


185-187 


(THF-AoOEt) 


230 


3-C1 


2-CF 3 , 


4 -CI 


42 


203-205 


(AcOEt-hexane ) 


231 


3-C1 


2-CF3, 


4-F 


59 


180-182 


(THF-AcOEt) 


232 


4-F 


2-CF 3 , 


4-C1 


48 


205-208 


(AcOEt-hexane ) 


233 


4-F 


2-CF3, 


4-F 


43 


201-202 


(THF-AcOEt) 


234 


3-F 


2-CF 3/ 


4-C1 


86 


196-199 


(THF-AcOEt) 


235 


3-F 


2-CF 3 , 


4-F 


61 


180-182 


(THF-AcOEt) 


236 


3,4-F 2 


2-CF 3 , 


4-C1 


55 


192-195 


(THF-AcOEt) 


237 


3,4-F 2 


2-CF 3 , 


4-F 


46 


196-199 


(THF-AcOEt) 


238 


3,4-F 2 


2-Me, 


4 -CI 


55 


203-206 


(THF-AcOEt) 


239 


3 -Me 


2-CF 3 , 


4 -CI 


58 


190-192 


(THF-AcOEt) 


240 


3-Me 


2-CF 3 , 


4-F 


49 


168-170 


(THF-AcOEt) 


241 


3 -Me 


2-Me, 


4 -CI 


67 


235-238 


(THF-AcOEt) 


242 


3, 4- (Me) a 


2-CF 3/ 


4 -CI 


70 


208-211 


(THF-AcOEt) 



CC) 



243 


3,4-(Me) 2 




2-CF 3 , 


4-F 


77 


186-187 


(THF-AcOEt) 


244 


3-CF 3 




2-CF 3 , 


4 -CI 


41 


183-186 


(AcOEt-hexane) 


245 


3-CF3 




2-CF 3 , 


4-F 


62 


198-201 


(THF) 


246 


3-CF 3 




2-Me, 


4 -CI 


89 


232-234 


(THF) 


247 


2,3,5- (Me) 3 , 


4 -OH 


2-CF 3 , 


4 -CI 


22 


216-218 


(THF-AcOEt) 


248 


2,3,5- (Me) 3 , 


4 -OH 


2-CF,, 


4-F 


22 


220-221 


(THF-AcOEt) 



EXAMPLE 249-268 

[0473] The compounds of table 36 were obtained by the method similar to that in Example 74. 
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Table 36 




Example 
number 


o 

r\ 


i 


R 2 




Yield Melting Point (°C) 
(%) (Recrystallization solvent) 


249 


H 




2-Me, 


4-C1 


66 


213-216 


(AcOEt-IPE) 


250 


H 




2,3,4- 


-F 3 


47 


169-174 


(AcOEt-IPE) 


251 


4 


-CI 


2-CF 3 , 


4 -CI 


49 


194-197 


(THF-AcOEt-hexane) 


252 


4 


-CI 


2-CF3, 


4-F 


49 


178-184 


( THF-AcOEt -hexane ) 


253 


4 


-CI 


2 -Me, 


4 -CI 


55 


218-220 


( THF-AcOEt-hexane ) 


254 


3 


-CI 


2-CF3, 


4-C1 


51 


193-195 


(AcOEt -hexane) 


255 


3 


-CI 


2-CF3, 


4-F 


37 


170-174 


(AcOEt -hexane) 


256 


3 


-CI 


2 -Me, 


4-C1 


41 


199-200 


(AcOEt-hexane) 


257 


3 


-F 


2-CF 3 , 


4-C1 


49 


110-114 


(AcOEt -hexane) 


258 


3 


-F 


2-CF3, 


4-F 


40 


184-187 


(AcOEt -hexane ) 


259 


3' 


-F 


2-Me, 


4 -CI 


52 


211-217 


(AcOEt-hexane) 


260 


4 


-Me 


2-CF3, 


4 -CI 


56 


217-222 


( THF-AcOEt-hexane) 


261 


4- 


-Me 


2-CF3, 


4-F 


45 


210-219 


(THF-AcOEt-hexane) 


262 


4- 


-Me 


2-Me, 


4 -CI 


27 


189-191 


(THF-AcOEt-hexane) 


263 


3- 


-Me 


2-CF3, 


4-C1 


47 


183-188 


(AcOEt -hexane) 


264 


3- 


-Me 


2-CF3, 


4-F 


37 


134-135 


(AcOEt-hexane) 


265 


3- 


-Me 


2-Me, 


4-C1 


28 


196-200 


(AcOEt-hexane) 


266 


3- 


-CF 3 


2-CF3, 


4-C1 


10 


194-196 


(AcOEt) 


267 


3- 


~CF 3 


2-CF3, 


4-F 


53 


164-167 


(AcOEt-hexane) 


268 


3- 


-CF, 


2-Me, 


4 -CI 


14 


120 (decomp.) (AcOEt) 



EXAMPLE 269-271 

[0474] The compounds of table 37 were obtained by the method similar to that in Example 74. 
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Table 37 




Example 


R 




Yield 


Melting Point (°C) 


number 






(%) 


(Recrystallization solvent) 


269 


2- 


"CF 3 , 


4-C133 


208-211 (AcOEt-hexane) 


270 


2- 


"CF 3 , 


4-F 37 


182-184 (AcOEt-hexane) 


271 


2- 


-Me, 


4-C1 34 


177-180 (AcOEt-hexane) 



EXAMPLE 272-273 

[0475] The compounds of table 38 were obtained by the method similar to that in Example 74. 



Table 38 




Example 


R 


Yield 


Melting Point 


(°C) 


number 




(%) 


(Recrystallization 


solvent ) 


272 


CI 


52 


214-217 (AcOEt-IPE) 




273 


F 


55 


203-205 (AcOEt-IPE) 





EXAMPLE 274-276 

[0476] The compounds of table 39 were obtained by the method similar to that in Example 74. 
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Table 39 




Example 
number 


R 




Yield 
(%) 


Melting Point (°C) 
(Recrystallization solvent) 


274 


2-CF 3 , 
CI 


4- 


67 


216-218 (THF-AcOEt) 


275 


2-CF3, 
F 


4- 


64 


227-229 (THF-AcOEt) 


276 


2-Me, 
CI 


4- 


73 


240-242 (THF-AcOEt) 



EXAMPLE 277-283 

[0477] The compounds of table 40 were obtained by the method similar to that in Example 203. 



Table 40 




Example r1 
number 



R2 Yield *% ltLn * ^ 0i ^. < C) 
R (Recrystallization 

solvent) 



277 
278 
279 



CO-- 



CI 64 227-230 (THF-AcOEt) 

CI 57 262-264 (THF-AcOEt) 

F 24 212-215 (THF-AcOEt) 
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280 F 43 245-247 (THF-AcOEt) 

281 CO~ S " C1 72 254-256 (THF-AcOEt) 

282 C0~ S " F 59 251-253 (THF-AcOEt) 

283 CH 3 (CH 2 ) U S CI 6 120-122 (THF-AcOEt) 



REFERENCE EXAMPLE 76-87 

[0478] The compounds of table 41 were obtained by the method similar to that in Reference Example 13. 
Table 41 




Ref .Ex. 


R 1 


R 2 


Yield 


Melting Point (°C) 


number 






(%) 


(Recrystallization solvent) 


76 


Me 


3-Me 


80 


250-253 (AcOEt) 


77 


Me 


3,5-Me 2 


61 


228-230 (AcOEt-IPE) 


78 


Me 


4-F 


80 


253-257 (AcOEt) 


79 


Me 


4-C1 


87 


238-241 (AcOEt) 


80 




3 - CI, 

4- F 






Me 


88 


258 (decomp.) (AcOEt) 


81 


Me 


3,4-F 2 


77 


262-264 (AcOEt) 


82 


Me 


3-Br 


93 


270 (decomp.) (AcOEt) 


83 


Me 


4-OCF 3 


93 


183-186 (AcOEt) 


84 


Me 


3-OCF 3 


71 


187-191 (AcOEt) 


85 


F 


H 


92 


209-210 (AcOEt-hexane) 


86 


F 


3-C1 


77 


213-215 (IPE-hexane) 


87 


Me 


3-N0 2 


74 


260 (decomp.) (AcOEt) 



EXAMPLE 284-307 

[0479] The compounds of table 44 were obtained by the method similar to that in Example 15. 
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Table 4 4 




Example 
number 



R 2 R 3 



Yield Melting Point ("C) 



284 


Me 


CI 3-Me 


285 


Me 


F 3-Me 


286 


Me 


ci 3,5 ~ 

(Me) 2 


287 


Me 


F 3 ' 5 ~ 
(Me) 2 


288 


Me 


CI 4-Cl 


289 


Me 


F 4-Cl 


290 


Me 


CI 4-F 


291 


Me 


F 4-F 


292 


Me 


ci Mi 1 * 

4-F 


293 


Me 


v 3_C1 ' 
4-F 


294 


Me 


CI 3, 4-F 2 


295 


Me 


F 3,4-F 2 


296 


Me 


CI 3-Br 


297 


Me 


F 3-Br 


298 


Me 


CI 4-OCF 3 


299 


Me 


F 4-OCF3 


300 


Me 


CI 3-OCF3 


301 


Me 


F 3-OCF 3 


302 


Me 


CI 3-N0 2 


303 


Me 


F 3-N0 2 


304 


F 


CI H 


305 


F 


F H 


306 


F 


CI 3-Cl 


307 


F 


F 3-Cl 



(%) 


(Recrystallization solvent) 


85 


235-237 


(THF-AcOEt) 


67 


218-220 


(THF-AcOEt) 


65 


266-267 


(THF) 


68 


274-275 


(THF) 


80 


284-286 


(THF-AcOEt) 


77 


272-273 


(THF-AcOEt) 


73 


272-273 


(THF-AcOEt) 


70 


271-272 


(THF-AcOEt) 


83 


240-241 


(THF-AcOEt) 


86 


230-231 


(THF-AcOEt) 


69 


248-251 


(THF-AcOEt) 


71 


253-255 


(THF-AcOEt) 


81 


221-222 


(THF-AcOEt) 


80 


222-223 


(THF-AcOEt) 


76 


239-241 


(THF-AcOEt) 


70 


239-240 


(THF-AcOEt) 


40 


171-175 


(THF-AcOEt) 


51 


166-169 


(THF-AcOEt ) 


80 


234-236 


(THF-AcOEt) 


80 


235-238 


(THF-AcOEt) 


63 


199-203 


(AcOEt-hexane) 


68 


204-206 


( AcOEt-hexane ) 


67 


200-201 


(AcOEt-hexane ) 


77 


206-207 


(AcOEt-hexane) 
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EXAMPLE 308 

Synthesis of methyl (2E)-3- [3-[7-chloro-3-(2-[[4-chloro-2-(trifluoromethyl)phenyl]amino]-2-oxoethyl) -6-methyl-2-oxo- 
2H-chromen-4 : yl]phenyl]-2-propenoate 

[0480] 



10 




15 

[0481] A solution of 2-[4-(3-bromophenyl)-7-chlorcH6-methyl-2-oxo-2H-ch^ 

thyl)phenyl]acetamide (500 mg) in DMF (5 ml) was combined with methyl acrylate (0.14 ml), triethylamine (0.21 ml), 
pd(OAc) 2 (5 ml) and triphenylphosphine (10 mg) under argon atmosphere, and heated at 120°C for 3 hours. After the 
reaction was completed, the mixture was combined with water, and extracted with ethyl acetate. The extract was 
20 washed with water, dried over magnesium sulfate, and then concentrated. The resultant residue was purified by a silica 
gel chromatography (eluent: hexane-ethyl acetate=2:1), and then recrystallized from THF-ethyl acetate to obtain the 
title compound as a colorless crystal (333 mg, yield: 67%). Melting point: 202-204°C. 

EXAMPLE 309 

25 

Synthesis of (2E)-3-[3-[7-chloro-3-(2-[[4-chloro-^ 
chromen-4-yl]phenyl]-2-propenoic acid 

[0482] 



35 




40 [0483] A solution of ethyl (2E)-3-[3-[7-chloro-3-(2-[[4-chloro-2- (trifluoromethyl) phenyl] amino]-2-oxoethyl) -6-me- 
thyl-2-oxo-2H-chromen-4-yl]phenyl]-2-propenoate (200 mg) in a mixture of ethanol (5 ml) and THF (2 ml) was combined 
with a 1 N aqueous solution of sodium hydroxide (3 ml), and stirred at room temperature for 4 hours. After 1 N hydro- 
chloric acid (10 ml) was added, the mixture was extracted with ethyl acetate. The extract was washed with water, dried 
over magnesium sulfate, and then concentrated. The resultant crude crystal was recrystallized from THF-ethyl acetate 

45 to obtain the title compound as a colorless crystal (137 mg, yield: 70%). Melting point: 191-194°C. 
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EXAMPLE 310 

Synthesis of 2-[4-(3-aminophenyl)-7-chlorc^ 
acetamide 

[0484] 



If, 



[0485] A mixture solution of 2-[7-chloro-6-methyW-(3-nitrophenyl)-2-oxo-2H-chromen-3-yl]-N-[4-chloro-2-(trifluor- 
omethyl)phenyl]acetamide (300 mg) in ethano! (2 ml) and THF (5 ml) was combined with Raney-nickel (50 mg), and 
stirred under hydrogen atmosphere at room temperature for 5 hours. After catalyst was filtered off, the reaction solution 
was concentrated. The resultant residue was purified by a silica gel chromatography (eluent: hexane-ethyl acetate=2: 
1), and further recrystallized from THF-ethyl acetate to obtain the title compound as a colorless crystal (166 mg, yield: 
59%). Melting point: 206-207°C. 

EXAMPLE 311-316 

[0486] The compounds of table 43 were obtained by the method similar to that in Example 1 . 



Table 4 3 



H 



Example 
number 


R 1 


R 2 




Yield 
(%) 


Melting Point (°C) 
( Recrystallization 
solvent) 


311 


3-C1 


3,5-<CF 3 ) 2 




72 


236-237 (THF-AcOEt) 


312 


3-C1 


2,5- (CF 3 ) 2 




64 


242-244 (THF-AcOEt) 


313 


3, 5- (Me) 2 


2 -Me, 4 -CI 




64 


275-276 (THF) 


314 


Me 


2, 3, 5- (Me) 3 , 


4-OH 


49 


150-151 (THF-AcOEt) 


315 


Me 


2, 3, 5- (Me) 3 , 


4 -OH 


70 


173-176 (THF-AcOEt) 


316 


Me 


2, 3, 5- (Me),, 


4-OH 


73 


248 (decamp.) (THF-IPE) 



REFERENCE EXAMPLE 88-93 

[0487] The compounds of table 44 were obtained by the method similar to that in Reference Example 13. 
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OH 



Ref .Ex. 
number 


R 


Yield 
(%) 


Melting Point (°C) 
(Recrystallization solvent) 


88 


7-Cl 


83 


178-181 (AcOEt-IPE) 


89 


6-OMe, 


7-C186 


226-229 (Ac0H-H 2 O) 


90 


6, 7 -Me, 


90 


213-215 (AcOH) 


91 


6-C1, 7 


-Me 8 5 


218-220 (AcOH) 


92 


6, 7-Cl 2 


79 


231-233 (AcOH) 


93 


6,7-F, 


80 


199-201 (AcOH) 



EXAMPLE 317-328 

[0488] The compounds of table 45 were obtained by the method similar to that in Example 15. 



Table 45 




Example Rl 
number 



, 2 Yield Melting Point (°C) 



(%) 



(Recrystallization solvent) 



317 
318 

319 
320 



7-Cl 
7-Cl 

6- OMe, 

7- Cl 

6- OMe, 

7- Cl 



CI 
F 



70 
61 



CI 78 
F 78 



160-164 (AcOEt-hexane) 

170-175 (AcOEt-hexane) 

209-211 (AcOEt-hexane) 

202-206 (AcOEt-hexane) 
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321 


6, 7-Me 2 


CI 


76 


206-208 


f AcOEt — hexane ) 


322 


6 7— Me. 


p 


76 


200-202 

b V/ w V Cv 


( AcOEt —hexane ) 


5 323 


6- C1, 

7 - Me 


CI 


82 


222-225 


(AcOEt-hexane) 


324 


6-C1, 


F 


85 


196-199 


(AcOEt-hexane) 




7 -Me 








325 


6,7-Cl 2 


CI 


82 


213-215 


(AcOEt-hexane) 


10 326 


6,7-Cl 2 


F 


87 


222-224 


(AcOEt-hexane) 


327 


6,7-F 2 


CI 


85 


192-194 


(AcOEt-hexane) 


328 


6,7-F 2 


F 


70 


176-178 


(AcOEt-hexane ) 



15 REFERENCE EXAMPLE 94 

(4-Chloro-2-hydroxy-5-methylphenyl)(pyridin-3-yl)methanone 
[0489] 

20 




30 [0490] A solution of 3-pyridinecarbaldehyde (2.2 g) in THF (50 ml) was treated dropwise with a solution (50 ml) of 
Grignard reagent prepared from 1-bromo-4-chloro-2-methoxy-5-methylbenzene (5.0 g) and magnesium (0.8 g) in THF 
at 0°C, and stirred for 1 hour. The reaction solution was combined with a saturated aqueous solution of ammonium 
chloride, and extracted with ethyl acetate. The extract was washed with water, dried over magnesium sulfate, and 
concentrated under reduced pressure. The resultant residue was used in the next step without purification, combined 

35 with toluene (150 ml) and manganese dioxide (15 g), and heated under reflux with dehydrating using Deen Stark for 
1 hour. After the reaction was completed, the reaction solution was filtered using celite, the filtrate was concentrated 
under reduced pressure. The resultant residue was combined with methylene chloride (50 ml) and a 1 N solution of 
BBr 3 /methylene chloride (60 ml), and stirred at room temperature overnight. After the reaction was completed, water 
was added, and the solvent was distilled off under reduced pressure. The resultant residue was neutralized with the 

40 addition of a saturated aqueous solution of sodium hydrogen carbonate, and then extracted with ethyl acetate. The 
extract was washed with water, and then dried over magnesium sulfate, and concentrated under reduced pressure. 
The resultant residue was purified by a silica gel column (eluent: ethyl acetate) to obtain the title compound as an oil 
(2.4 g). 

NMR (CDCI 3 ) 8: 2.28 (3H, s), 7.14 (1H, s), 7.37 (1H, s), 7.50 (1H, dd, J = 8 Hz, 4 Hz), 8.00 (1H,m), 8.84 (1H, dd, J=4Hz, 
45 2H), 8.90 (1 H, d, J=2 Hz), 11 .75 (1 H,s). 



50 



55 
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REFERENCE EXAMPLE 95 

Synthesis of (7^hloro-6-methyl-2-oxcM-pyridin-3-yl-2H-chromen-3-yl)acetic acid.hydrochioride 
5 [0491] 



10 




15 

[0492] The title compound (yield: 67%) was obtained by the method similar to that in Reference Example 13. Melting 
Point: 279-281 °C (methanol). 

20 REFERENCE EXAMPLE 96 

Synthesis of [4-chloro-2-hydroxy-5-t(4-phenylpiperazin-1-yl)methyl]phenyl](pyridin-3-yl)methanone 

[0493] 

25 




35 

The title compound (yield: 63%) was obtained by the method similar to that in Reference Example 93. 
NMR (CDCI 3 ) 8: 2.65 (4H, t, J = 5 Hz), 3.14 (4H, t, J = 5 Hz ), 3.59 (2H, s), 6.80-9.00 (12H, m). 

REFERENCE EXAMPLE 97 

40 

Synthesis of ethyl [7-chloro-2-oxo-6-[(4-phenylpiperazin-1-yl)methyl]-4-pyridin-3-yl-2H-chromen-3-yl]acetate 
[0494] 



45 




55 

[0495] The title compound (yield: 22%) was obtained by the method similar to that in Reference Example 21 . Melting 
Point: 153-157°C (ethyl acetate-isopropyl ether). 
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REFERENCE EXAMPLE 98 

Synthesis of ethyl [7^hlorcH6-methyl-2-oxo]-4-pyridin-3-yl-2H-chromen-3-yl]acetate (Alternative synthesis method of 
the compound of Reference Example 21 ) 

[0496] 



10 




[0497] (4-Chloro-2-hydroxy-5-methylphenyl) (phenyl)methanone (130 g) was suspended in acetonitrile (325 ml), and 
combined with DBU (21 7 g) at room temperature. The mixture was heated to approximately 40°C, and treated dropwise 
with a solution of ethylsuccinyl chloride (147 g) in acetonitrile (234 ml) with keeping the reaction temperature at 40 to 
20 45°C. After completing dropwise addition, the mixture was stirred at 40 to 45°C for 30 minutes. The mixture was 
combined with water, stirred at 40°C for 30 minutes, cooled to room temperature, and further stirred at 0 to 5°C internal 
temperature with cooling in ice for 1 hour. The crystal precipitated was filtered, and washed with cooled CH 3 CN-H 2 0=3: 
2 to obtain the title compound as a slightly tan white crystal (140 g, yield: 74%). 

NMR (CDCI 3 ) 6: 1.23 (3H, t, J=7 Hz), 2.28 (2H, s), 3.36 (2H, s), 4.13 (2H, t, J=7 Hz), 6.84 (1H, s), 7.20-7.35 (2H, m), 
25 7.41 (1H, s), 7.45-7.60 (3H, m). 

EXAMPLE 329-330 

[0498] The compounds of table 46 were obtained by the method similar to that in Example 15. 

30 

Table 4 6 

CF, 



Example 


Yield 


Melting Point (°C) 


number 


R (%) 


(Recrystallization solvent) 


329 


CI 64 


212-215 (THF-AcOEt) 


330 


F 53 


213-215 (THF-AcOEt) 



35 




50 



55 
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EXAMPLE 331 



Synthesis of 2-[7-chloro-2-oxcH4-phenyl-6-[(4-phenyl-1-piperazm^^ 
2,3 I 5-trimethylphenyl)acetamide 

[0499] 




[0500] A solution of 2-[7-chlorcH2-oxo-4-phenyl-6-[(4-phenyl-1-piperazinyl)me^ 

2,3,5-trimethylphenyl)acetic acid (200 mg) in DMF (2 ml) was combined with 4-amino-2,3,6-trimethylphenol (68 mg), 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (118 mg) and 1 -hydroxy benzotriazole (83 mg), and stirred at room tem- 
perature overnight. The reaction solution was combined with water, and the precipitate formed was filtered. The re- 
sultant crude crystal was purified by a silica gel chromatography (eluent: hexane-ethyl acetate=1:1), and further re- 
crystallized from ethyl acetate to obtain the title compound as a colorless crystal (84 mg, yield: 33%). Melting point: 
193°C (decomp.). 

EXAMPLE 332-333 

[0501] The compounds of table 47 were obtained by the method similar to that in Example 331 . 



Table 47 




Example 
number 


R 


Yield 
(%) 


Melting Point (°C) 
(Recrystallization 
solvent ) 


332 
333 


2-Me, 4-Cl 
2, 3, 5- (Me),, 


20 

4-OH 36 


290-292 (AcOEt-IPE) 
242-246 (AcOEt-IPE) 
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EXAMPLE 334 

Synthesis of 2-[7^hloro-2-oxo-6-[(4-phenyl-1-piperazinyl)me 
2-(trifluoromethyl)phenyl]acetamide 



[0503] A suspension of ethyl 7-chloro-2-oxo-6-[(4-phenyl-1-piperazinyl)methylH-(3-pyridinyl)-2H-chromen-3-yl]ac- 
etate (500 mg, 0.97 mmol) in ethanol (10 ml) was combined with a 2 N aqueous solution of sodium hydroxide (1 .5 ml), 
and heated and stirred at 70°C for 1 hour. After allowing to cool, the mixture was combined with 1 N hydrochloric acid 
(3 ml), and neutralized with a saturated aqueous solution of sodium hydrogen carbonate. The solvent was distilled off 
under reduced pressure, and the residue was boiled azeotropically with toluene to remove water. The resultant yellow 
powder (350 mg) was combined with THF (5 ml), DMF (1 drop) and thionyl chloride (0.22 ml), and stirred at room 
temperature for 2 hours. The solvent was distilled off under reduced pressure, and the residue was combined with THF 
(15 ml) and 2-amino-5-chlorobenzotrifluoride (0.38 ml, 2.1 mmol), and stirred at 80°C for 15 hours. After allowing to 
cool, the mixture was combined with an aqueous solution of ammonium chloride, and extracted with ethyl acetate. The 
extract was washed with a saturated aqueous solution of sodium chloride, and dried over magnesium sulfate, and then 
the solvent was distilled off under reduced pressure. The resultant residue was purified by a silica gel column chroma- 
tography (eluent: hexane-ethyl acetate=1:1), and further recrystallized from ethyl acetate-isopropyl ether to obtain the 
title compound as a colorless crystal (102 mg, yield: 21%). Melting point: 214-216°C. 

EXAMPLE 335 

Synthesis of 2-[7-chloro-2-oxo-6-[(4-phenyM-piperaziny^ 
2-(trifluoromethyl)phenyl]acetamide 



[0505] The title compound (yield: 21%) obtained by the method similar to that in Example 334. Melting point: 
202-205°C (ethyl acetate-isopropyl ether). 

EXAMPLE 336-337 

[0506] The compounds of table 48 were obtained by the method similar to that in Example 308. 



[0502] 




[0504] 
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CO a Et 



Example 
number 


R 


Yield (%) 


Melting Point (°C) 
(Recrystallization solvent) 


336 
337 


CI 

F 


64 
39 


118 (decomp.) (AcOEt) 
193-196 (AcOEt) 



EXAMPLE 338 

Synthesis of ethyl 3-[3-[7-chloro-3-(24[4-chloro-2-^ 
chromen-4-yl]phenyl]-2-propionate 

[0507] 




[0508] A mixture solution of ethyl (2E)-3-[3-[7-chloro-3-(2-[[4-chloro-2-(trifluoromethyl)phenyl]amino]-2-oxoethyl)- 
6-methyl-2-oxo-2H-chromen-4-yl]phenyl]-2-propenate (138 mg) in ethanol (5 ml) and THF (2 ml) was combined with 
Raney-nickel (approximately 100 mg), stirred under hydrogen atmosphere at room temperature for 4 hours. After the 
catalyst was filtered off using celite, the filtrate was concentrated. The resultant residue was purified by a silica gel 
chromatography (eluent: hexane-ethyl acetate=2:1), and recrystallized from ethyl acetate to obtain the title compound 
as a colorless crystal (131 mg, yield: 95%). Melting point: 116°C (decomp.). 

EXAMPLE 339 to 340 

[0509] The compounds of table 49 were obtained by the method similar to that in Example 309. 




X-C0 2 H 



Example 
number 



Yield Melting Point (°C) 

(% ) (Recrystallization solvent) 



339 



CH=CH 



80 



260-262 (AcOEt) 



121 



340 



CI 



ch?tch ? 
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89 170-172 (AcOEt) 



[0510] In the Formulation Examples and Experiments described below, Compounds A, B and C are those shown 
below, respectively. 

Compound A: 2-[6-chloro-2-oxo-4-(2-methylphenyl)-2H-chromen-3-yl] -N- (2, 6-dimethoxyphenyl) acetamide; 
Compound B: N-(2,6-dimethoxyphenyl)-N , -[3-(2-methylphenyl)-6,7-dlhydro-5H-indeno[5,6-b]furan-2-yl]urea; 
Compound C: N-(4^hloro-2-trifluoromethylphenyl)-2-(2-oxo-4-phenyl-2,6,7,8-tetrahydrocyclopenta[g]chromen- 
3-yl)acetamlde. 

Formulation Examples 

[0511] A lipid-rich plaque regressing agent containing as an active ingredient a compound [I], [II], [III], [IV], [V] or [VI] 
or its salt of the present invention can be produced for example in the following formulations. 



1. Capsule 


(1) Compound A 


10 


mg 


(2) Lactose 


90 


mg 


(3) Microcrystalline cellulose 


70 


mg 


(4) Magnesium stearate 


10 


mg 


1 Capsule 


180 


mg 



[0512] (1), (2) and (3) and 1/2 of (4) are mixed and granulated. To this, the remainder of (4) is added and the entire 
is encapsulated into a gelatin capsule. 



2. Tablet 


(1) Compound A 


10 mg 


(2) Lactose 


35 mg 


(3) Corn starch 


150 mg 


(4) Microcrystalline cellulose 


30 mg 


(5) Magnesium stearate 


5 mg 


1 Tablet 


230 mg 



[0513] (1), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and granulated. To this granule, the remainder of (4) and (5) 
are added and compressed into a tablet. 



3. Injection formulation 


(1) Compound A 


10 mg 


(2) Inositol 


100 mg 


(3) Benzyl alcohol 


20 mg 


1 Ampoule 


130 mg 



[0514] (1), (2) and (3) are dissolved in distlled water for injection to make the total volume 2 ml, and charged in an 
ampoule. All processes are conducted aseptically. 



4. Capsule 


(1) Compound B 


10 


mg 


(2) Lactose 


90 


mg 


(3) Microcrystalline cellulose 


70 


mg 


(4) Magnesium stearate 


10 


mg 


1 Capsule 


180 


mg 
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[0515] (1), (2) and (3) and 1/2 of (4) are mixed and granulated. To this, the remainder of (4) is added and the entire 
is encapsulated into a gelatin capsule. 



5. Tablet 


(1) Compound B 


10 


mg 


(2) Lactose 


35 


mg 


(3) Corn starch 


150 


mg 


(4) Microcrystalline cellulose 


30 


mg 


(5) Magnesium stearate 


5 


mg 


1 Tablet 


230 


mg 



[0516] (1), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and granulated. To this granule, the remainder of (4) and (5) 
are added and compressed into a tablet. 

15 



6. Injection formulation 


(1 ) Compound B 


10 mg 


(2) Inositol 


100 mg 


(3) Benzyl alcohol 


20 mg 


1 Ampoule 


130 mg 



[0517] (1), (2) and (3) are dissolved in distlled water for injection to make the total volume 2 ml, and charged in an 
ampoule. All processes are conducted aseptically. 



7. Capsule 


(1) Compound C 


10 


mg 


(2) Lactose 


90 


mg 


(3) Microcrystalline cellulose 


70 


mg 


(4) Magnesium stearate 


10 


mg 


1 Capsule 


180 


mg 



[0518] (1), (2) and (3) and 1/2 of (4) are mixed and granulated. To this, the remainder of (4) is added and the entire 
is encapsulated into a gelatin capsule. 



8. Tablet 


(1) Compound C 


10 


mg 


(2) Lactose 


35 


mg 


(3) Corn starch 


150 


mg 


(4) Microcrystalline cellulose 


30 


mg 


(5) Magnesium stearate 


5 


mg 


1 Tablet 


230 


mg 



[0519] (1), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and granulated. To this granule, the remainder of (4) and (5) 
are added and compressed into a tablet. 



50 


9. Injection formulation 




(1) Compound C 


10 mg 




(2) Inositol 


100 mg 




(3) Benzyl alcohol 


20 mg 


55 


1 Ampoule 


130 mg 



[0520] (1), (2) and (3) are dissolved in distlled water for injection to make the total volume 2 ml, and charged in an 
ampoule. All processes are conducted aseptically. 
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10. Capsule 


(1) Compound C 


10 mg 


(2) Lactose 


90 mg 


(3) Microcrystalline cellulose 


70 mg 


(4) Magnesium stearate 


10 mg 


1 Capsule 


180 mg 



10 



[0521] (1 ), (2) and (3) and 1/2 of (4) are mixed and granulated. To this, the remainder of (4) is added and the entire 
is encapsulated into a gelatin capsule. 



15 



20 



11. Tablet 


(1) Compound C 


10 


mg 


(2) Lactose 


35 


mg 


(3) Corn starch 


150 


mg 


(4) Microcrystalline cellulose 


30 


mg 


(5) Magnesium stearate 


5 


mg 


1 Tablet 


230 


mg 



[0522] (1), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and granulated. To this granule, the remainder of (4) and (5) 
are added and compressed into a tablet. 



25 



30 



12. Capsule 


(1) Compound C 


10 mg 


(2) Lactose 


90 mg 


(3) Microcrystalline cellulose 


70 mg 


(4) Magnesium stearate 


10 mg 


1 Capsule 


180 mg 



35 



40 



[0523] (1 ), (2) and (3) and 1/2 of (4) are mixed and granulated. To this, the remainder of (4) is added and the entire 
is encapsulated into a gelatin capsule. 



13. Tablet 


(1) Compound B 


10 mg 


(2) Lactose 


35 mg 


(3) Corn starch 


150 mg 


(4) Microcrystalline cellulose 


30 mg 


(5) Magnesium stearate 


5 mg 


1 Tablet 


230 mg 



45 



[0524] (1 ), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and granulated. To this granule, the remainder of (4) and (5) 
are added and compressed into a tablet. 



50 



55 



14. Capsule 


(1) Compound B 


10 mg 


(2) Lactose 


90 mg 


(3) Microcrystalline cellulose 


70 mg 


(4) Magnesium stearate 


10 mg 


1 Capsule 


180 mg 



[0525] (1 ), (2) and (3) and 1/2 of (4) are mixed and granulated. To this, the remainder of (4) is added and the entire 
is encapsulated into a gelatin capsule. 
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15. Tablet 


(1) Compound A 


10 mg 


(2) Lactose 


35 mg 


(3) Corn starch 


150 mg 


(4) Macrocrystalline cellulose 


30 mg 


(5) Magnesium stearate 


5 mg 


1 Tablet 


230 mg 



[0526] (1), (2), (3), 2/3 of (4) and 1/2 of (5) are mixed and granulated. To this granule, the remainder of (4) and (5) 
are added and compressed into a tablet. 

16. Tablet 

15 

[0527] According to the formulation indicated below, a mixture of 175 g of Compound C, 175 g of D-mannitol, 118.65 
g of corn starch and 105 g of croscarmellose sodium is mixed thoroughly using a vertical granulator (Model FM-VG- 
10, Powrex), and then kneaded with an aqueous solution in which 19.25 g of hydroxypropyl cellulose is dissolved 
(kneading condition: 400 rpm, 10 minutes). After drying the kneaded white material in a fiuidized drier (FD-3S, Powrex) 

20 at the blowing temperature of 60°C for 30 minutes, the material is sieved through a 1.5 mm<j> punching screen using 
a power mill (model P-3S, SHOWAKAGAKU KIKAI KOSAKUSHO). 525.14 g of this granule, 31 g of croscarmellose 
sodium and 1.86 g of magnesium stearate are added, and mixed in a mixer (model TM-15, SHOWAKAGAKU KIKAI 
KOSAKUSHO) for 5 minutes to obtain a granule for tablet compaction. This granule is compressed in 180 mg aliquots 
by a tabletting machine (Correct 19K, KIKUSUI SEISAKUSHO) using a 8.0 mm(j> edged plain mallet under 0.7 ton/ 

25 cm2, whereby obtaining 2,350 tablets. 



Compound C 


50 mg 


D-Mannitol 


50 mg 


Corn starch 


33.9 mg 


Croscarmellose sodium 


40 mg 


Hydroxypropyl cellulose 


5.5 mg 


Magnesium stearate 


0.6 mg 


Total 


180.0 mg (per tablet) 



17. Solid dispersion A 


Compound of Example 75 


0.4 g 


Hydroxypropylmethyl cellulose phthalate 


1.4g 


Lactose 


0.2 g 


Total 


2.0 g 



[0528] The compound of Example 75 (0.4 g) was dissolved in methylene chloride (24 ml) and ethanol (16 ml), to 
which hydroxypropylmethyl cellulose phthalate (HP-50, SHINETSUKAGAKU, 1 .4 g) was added and dissolved. To this 
solution, lactose (0.2 g) was added and suspended uniformly, and then the organic solvent was distilled off using a 
spray drier (YAMATO KAGAKU). The product was dried under reduced pressure using a vacuum drier for 14 hours to 
obtain a solid dispersion (1.4 g) of the compound of Example 75. 



50 


18. Solid dispersion B 




Compound of Example 75 


0.6 g 




Hydroxypropylmethyl cellulose phthalate 


1.2 g 




Lactose 


0.2 g 


55 


Total 


2.0 g 



[0529] The compound of Example 75 (0.6 g) was dissolved in methylene chloride (24 ml) and ethanol (16 ml), to 
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which hydroxypropylmethyl cellulose phthalate (HP-50, SHINETSUKAGAKU, 1 .2 g) was added and dissolved. To this 
solution, lactose (0.2 g) was added and suspended uniformly, and then the organic solvent was distilled off using a 
spray drier (YAMATO KAGAKU). The product was dried under reduced pressure using a vacuum drier for 14 hours to 
obtain a solid dispersion (1 .4 g) of the compound of Example 75. 



19. Tablet 


(1) Solid dispersion A 


50 mg 


(2) Lactose 


34 mg 


(3) Corn starch 


10.6 mg 


(4) Corn starch (gelatinized) 


5 mg 


(5) Magnesium stearate 


0.4 mg 


(6) Calcium carboxymethyl cellulose 


20 mg 


Total 


120 mg 



[0530] According to an ordinary method, (1) to (6) were mixed and compressed into a tablet using a tabletting ma- 
chine. Using Solid dispersion B instead of Solid dispersion A, a tablet was also obtained. 

2o Experiments 

[0531] The lipid-rich plaque regressing effect of a compound [I], [II], [III], [IV], [V] or [VI] or its salt of the present 
invention is discussed below with referring to Experiments. 

25 Experiment 1 

[0532] [Method] A 5-week old male apo-lipoprotein E deficient mouse which exhibits a vascular lesion similar to a 
human arteriosclerotic lesion (hereinafter referred to as male apoE mouse) was maintained with an arteriosclerotic 
diet which was a CE-2 diet (normal diet, NIPPON CLEA) supplemented with 1.25% cholesterol for 8 weeks. Subse- 
quently, each of only CE-2 powder, which is a normal diet, (control group, number of animals=8) and CE-2 powder 
supplemented with Compound A (number of animals=8) was given ad libitum during the period from the 9th week to 
the 12th week. Each animal was sacrificed by decapitation 12 weeks after initiation of the experiment, the vessel from 
the aortic arch to the femoral bifurcation was isolated and opened in the direction of the vascular axis, stained with oil 
red O (Sigma Aldrich Japan), photographed closely using a medical Nikkor (NIKON), and the photograph was scanned 
using a scanner (GT-6000, EPSON) and the image was processed using Adobe Photoshop. Thus, the image of the 
vessel was trimmed and the red color was extracted and modified into a two-tone gradation. 

[0533] The two-tone image was subjected to an NIH image (National Institute of Health) to count pixels, whereby 
calculating the % lesion area based on the entire surface area of the internal wall of the vessel. 
[Results] The lesion (plaque) area based on the vascular internal surface area was 31 % in the group fed only the 
normal diet after 9th week. On the contrary, the administraiton of Compound A mixed with the normal diet at the dose 
of 27 mg/kg/day resulted in a marked reduction in the vascular lesion area to 15%, showing a significant (p<0.01, 
student's test) plaque regressing effect. 



Experiment 2 

[0534] [Method] A 6-week old male apo-lipoprotein E deficient mouse exhibiting a vascular lesion similar to a human 
arteriosclerotic lesion (hereinafter referred to as male apoE KO mouse) was maintained with an arteriosclerotic diet 
which was a CE-2 diet (normal diet, NIPPON CLEA) supplemented with 1.25% cholesterol for 8 weeks. Subsequently, 
from the 9th week to the 12th week, Compound B (0.5% methyl cellulose suspension: at 30 mg/kg/day) was adminis- 
tered orally, during the period only CE-2 powder, which is a normal diet, was given. The control group was maintained 
with only CE-2 diet. Each animal was sacrificed by decapitation 12 weeks after initiation of the experiment, the vessel 
from the aortic arch to the femoral bifurcation was isolated and opened in the direction of the vascular axis, stained 
with oil red O (Sigma Aldrich Japan), and subjected to an image analysis similarly to Experiment 1 to calculate the % 
lesion area based on the entire vascular internal wall area. The vessel specimen after the image analysis was homog- 
enized in saline, and the amount of cholesteryl ester content in the aorta was measured in accordance with the method 
by Hara and Radin (Lipid Extract of tissues with a low-Toxicity solvent, Anal. Biochem., 90:420-426, 1978), that is, from 
the aorta stained with the oil red O was extracted the lipid by a glass homogenizer with hexane:isopropyl alcohol (3: 
2) and centrifuged. Subsequently, the supernatant was recovered and evaporated to dryness, and then dissolved in 
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TESIT: dioxane (1:1). From this solution, its total cholesterol content (Cholesterol C test, WAKO) and the free cholesterol 
content (Free Cholesterol C test, WAKO) were examined. The data obtained were corrected for the wet weight of the 
aorta. The cholesteryl ester content (CE) was obtained by subtracting the free cholesterol content from the total cho- 
lesterol content. Since the sample, which was extracted with hexane:isopropyl alcohol and then evaporated to dryness, 
5 contained the oil red O which interferes with the absorption wavelength for the cholesterol measurement, the cholesterol 
content was calculated for each sample by subtracting the blank level (absorbance of oil red 0 in sample). 
[Results] The results are shown in Table 50. 



Table 50 



10 




Control group 
(n=8) 


Compound B group 
(n=4) 




% Lesion area 


22.6 ±3.0 


16.9+1.6 




Aortic cholesteryl Ester content 


9.42±0.66 


4.76 ± 0.46** 


15 


(ug/mg) 







n: Number of animals, 

**: P<0\05% (Dunnett's test) 



[0535] After maintaining apoE KO mice with the arteriosclerotic diet for 8 weeks followed by the normal diet for 4 
20 weeks, the % lesion area was 22.6 % and the aortic cholesteryl ester content was 9.42 u.g/ml (control group). On the 
other hand, the arteriosclerotic diet for 8 weeks followed by the normal diet with 30 mg/kg/day of Compound B given 
by oral administraiton for 4 weeks resulted in the marked reduction of the lesion area to 1 6.9 % and the aortic cholesteryl 
ester content to 4.76 uxf/ml, which shows a plaque regressing effect. 

25 Experiment 3 

[0536] [Method] A 6-week old male apo-lipoprotein E deficient mouse exhibiting a vascular lesion similar to a human 
arteriosclerotic lesion (hereinafter referred to as male apoE KO mouse) was maintained with an arteriosclerotic diet 
which was a CE-2 diet (normal diet, NIPPON CLEA) supplemented with 1 .25% cholesterol for 8 weeks. Subsequently, 

30 during the period from the 9th week to the 12th week, and Compound C (0.5% methyl cellulose suspension: at 10 mg/ 
kg/day) was administered orally only, during the period only CE-2 powder, which is a normal diet, was given. The control 
group was maintained with only CE-2 diet. Each animal was sacrificed by decapitation 12 weeks after initiation of the 
experiment, the vessel from the aortic arch to the femoral bifurcation was isolated and opened in the direction of the 
vascular axis, stained with oil red 0 (Sigma Aldrich Japan), and subjected to an image analysis similarly to Experiment 

35 1 to calculate the % lesion area based on the entire vascular internal wall area. The vessel specimen after the image 
analysis was homogenized in saline, and the amount of cholesteryl ester content in the aorta was measured by an 
enzymatic method similarly to Experiment 2 described above. 
[Results] The results are shown in Table 51. 



40 Table 51 







Control group 
(n=10) 


Compound B group 
(n=10) 




% Lesion area 


31.2 ±1.6 


23.3 ± 1.8* 


45 


Aortic cholesteryl Ester content 


6.83 ±0.42 


5.30 ± 0.37 




(ng/mg) 







n: Number of animals 
P<0.05% (Dunnett's test) 



50 [0537] After maintaining apoE KO mice with the arteriosclerotic diet for 8 weeks followed by the normal diet for 4 
weeks, the % lesion area was 31 .2 % and the aortic cholesteryl ester content was 6.83 jig/ml (control group). On the 
other hand, the arteriosclerotic diet for 8 weeks followed by the normal diet with 30 mg/kg/day of Compound B given 
by oral administraiton for 4 weeks resulted in the marked reduction of the lesion area to 23.3 % and the aortic cholesteryl 
ester content to 5.30 jig/ml, which shows a plaque regressing effect. 

55 

INDUSTRIAL APPLICABILITY 

[0538] Since the lipid-rich plaque regressing agent containing the compound [I], [II], [III], [IV], [V]or [VI], or their salts, 
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or the prodrug thereof, of the present invention exhibits an excellent lipid-rich plaque regressing effect, they are useful 
in preventing and treating acute coronary artery syndrome such as acute myocardial infarction and unstable angina, 
peripheral artery occlusion and the like. 



Claims 



1. A lipid-rich plaque regressing agent comprising a compound represented by Formula [I]: 




in which ring A is an optionally substituted cyclic hydrocarbon or an optionally substituted heterocyclic ring; ring B 
is a 5- or 6-membered homocyclic or heterocyclic ring; each of X and Y is -NR 1 - (in which R 1 is a hydrogen atom, 
optionally substituted hydrocarbon group, optionally substituted hydroxyl group or optionally substituted amino 
group), -0-, -S-, -CO-, -CS-, -C(R 2 )R 2a - (in which each of R 2 and R 2a is a hydrogen atom, optionally substituted 
hydroxyl group or optionally substituted hydrocarbon group), -N= or =CR 3 - (in which R 3 is a hydrogen atom, halogen 
atom, optionally substituted hydrocarbon group, optionally substituted hydroxy! group, or a mercapto group which 
may be substituted by an optionally substituted hydrocarbon group); D is a C 1 . 3 alkylene group which may be 
substituted by an oxo group or thioxo group, -NH- or -CH 2 NH-; E is -NR 4 - (in which R 4 is a hydrogen atom or 
optionally substituted hydrocarbon group), -O-, -S(0)n- (n is 0, 1 or 2) or-CONR 5 - (in which R 5 is a hydrogen atom 
or optionally substituted hydrocarbon group); G is a bond or C A _ 3 alkylene group; Ar is an optionally substituted 
aryl group or optionally substituted heterocyclic group, D may be taken together with a constituent atom of the ring 
B to form a 5-to 7-membered ring which may be substituted by an oxo group or thioxo group, R 4 may be taken 
together with a constituent atom of the ring B to form a 5- to 7-membered ring which may be substituted by an oxo 
group or thioxo group, and the ring B may have a further substituent in addition to -D-E-G-Ar or a salt thereof. 

2. The lipid-rich plaque regressing agent according to Claim 1 comprising a compound represented by Formula [II]: 




in which ring A* is an optionally substituted 6-membered cyclic hydrocarbon group; ring C is an optionally substituted 
benzene ring; one of X* and Z is -NR 1 - (in which R r is a hydrogen atom, optionally substituted hydrocarbon group 
or optionally substituted amino group), -O- or -S- and the other is -CO-, -CS- or -C(R 2 ')R 2a - (in which each of R 2 ' 
and R 2a ' is a hydrogen atom or optionally substituted hydrocarbon group), or one of them is -N= and the other is 
=CR 3 - (in which R 3 ' is a hydrogen atom, halogen atom, optionally substituted hydrocarbon group, optionally sub- 
stituted amino group, optionally substituted hydroxyl group or a mercapto group which may be substituted by an 

optionally substituted hydrocarbon group); is a single bond or double bond; Y\ when adjacent to Y' 

is a single bond, is 
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(in which R 6 is a hydrogen atom, hydroxyl group or optionally substituted hydrocarbon group) or a nitrogen atom, 
Y\ when adjacent to Y' is a double bond, is a carbon atom; D* is a alkylene group which may be 

substituted by an oxo group or thioxo group; E* is -NR 7 - (in which R 7 is a hydrogen atom or optionally substituted 
hydrocarbon group), -O- or-S(0)n- (in which n is 0, 1 or 2) ; G' is a bond or alkylene group; Ar* is an optionally 
substituted aryl group or optionally substituted heterocyclic group, D' may be taken together with Z to form a 5- to 
7-membered ring which may be substituted by an oxo group or thioxo group, R 7 may be taken together with Z to 
form a 5- to 7-membered ring which may be substituted by an oxo group or thioxo group, or a salt thereof. 

The lipid-rich plaque regressing agent according to Claim 1 comprising a compound represented by Formula [III]: 




in which each of ring A", ring C and ring D is an optionally substituted benzene ring, X" is -NR 8 - (in which R 8 is a 
hydrogen atom or optionally substituted hydrocarbon group), -O- or -S-, U is -(CH2)m- (in which m is 1 or 2) or 
-NH-, R a is a hydrogen atom or optionally substituted hydrocarbon group), or a salt thereof. 

The lipid-rich plaque regressing agent according to Claim 1 comprising a compound represented by Formula [IV]: 




CONH 




in which ring A"' is an optionally substituted benzene ring, Q is an optionally substituted aromatic ring, W is -CH 2 - 
-CO- or -CS-, V is 



— CH— — N— 

I or I 



or W and V are taken together to form 



\ / 



H 
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Y" is -CH 2 -, -O-, -S-, -CO, -CS- or -NR 9 (in which R 9 is a hydrogen atom or hydrocarbon group), IT is -NH-, -CH 2 - 
or -CH 2 NH-, R b is a hydrogen atom or optionally substituted hydrocarbon group, zzzzz is a single bond or double 
bond, or a salt thereof. 

The lipid-rich plaque regressing agent according to Claim 1 comprising a compound represented by Formula [V]: 




in which each of R 10 and R 11 is a hydrogen atom, halogen atom, optionally substituted linear hydrocarbon group, 
or hydroxyl group which may be substituted by an optionally substituted linear hydrocarbon group, or the both may 
be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon or a dihy- 
drofuran ring which may be substituted by an oxo group, ring I is an optionally substituted benzene ring or optionally 
substituted pyridine ring, ring J is an optionally substituted benzene ring or optionally substituted pyridine ring, or 
a salt thereof. 

The lipid-rich plaque regressing agent according to Claim 5 wherein each of R 10 and R 11 is a hydrogen atom, 
halogen atom or optionally substituted linear hydrocarbon group, or the both may be taken together with the ad- 
jacent carbon atoms to form an optionally substituted cyclic hydrocarbon. 

The lipid-rich plaque regressing agent according to Claim 1 comprising a compound represented by Formula [VI] : 




in which each of R 12 and R 13 is a hydrogen atom, halogen atom or optionally substituted linear hydrocarbon group, 
or the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydro- 
carbon, 




group 

is an optionally substituted phenyl group, and ring L is an optionally substituted benzene ring or optionally substi- 
tuted pyridine ring, or a salt thereof. 

The lipid-rich plaque regressing agent according to Claim 1 which is a prophylactic and therapeutic agent against 
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acute coronary artery syndrome. 

9. The lipid-rich plaque regressing agent according to Claim 1 which is a prophylactic and therapeutic agent against 
acute myocardial infarction. 

10. The lipid-rich plaque regressing agent according to Claim 1 which is a prophylactic and therapeutic agent against 
unstable angina. 

11. The lipid-rich plaque regressing agent according to Claim 1 which is a prophylactic and therapeutic agent against 
peripheral artery occlusion. 

12. A compound represented by Formula [V] : 



in which each of R 10 and R 11 is a hydrogen atom, halogen atom, optionally substituted linear hydrocarbon group, 
or hydroxyl group which may be substituted by an optionally substituted linear hydrocarbon group, or the both may 
be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydrocarbon or a dihy- 
drofuran ring which may be substituted by an oxo group, ring I is an optionally substituted benzene ring or optionally 
substituted pyridine ring, ring J is an optionally substituted benzene ring or optionally substituted pyridine ring, 
provided that when R 10 is a hydrogen atom, then R 11 is an optionally substituted linear hydrocarbon group, or a 
salt thereof. 

13. The compound according to Claim 12 wherein each of R 10 and R 11 is a hydrogen atom, halogen atom or optionally 
substituted linear hydrocarbon group, or the both are taken together with the adjacent carbon atoms to form an 
optionally substituted cyclic hydrocarbon. 

14. The compound according to Claim 12 wherein each of R 10 and R 11 is a halogen atom or optionally substituted 
C,_ 7 alkyl group. 

15. The compound according to Claim 12 wherein the cyclic hydrocarbon is a C 5 . 7 cyclic hydrocarbon. 

16. The compound according to Claim 12 wherein the ring J is a benzene ring substituted by halogenated alkyl group 
and/or halogen atom. 

17. The compound according to Claim 12 wherein the ring I is a benzene ring which may be substituted by alkyl group, 
halogenated alkyl group or halogen atom. 

18. A compound represented by Formula [VI]: 
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5 



10 




15 in which each of R 12 and R 13 is a hydrogen atom, halogen atom or optionally substituted linear hydrocarbon group, 

or the both may be taken together with the adjacent carbon atoms to form an optionally substituted cyclic hydro- 
carbon, 



20 




25 group 

is an optionally substituted phenyl group (provided that 2-chlorophenyl and 2-fluorophenyl are excluded), and ring 
L is an optionally substituted benzene ring or optionally substituted pyridine ring, provided that when 



30 




35 group 

is a phenyl group, then R 13 is not a methyl group, and when 



40 




group 

45 \s a 2-methylphenyl group, then R 13 is not a chlorine atom, or a salt thereof. 

19. The compound according to Claim 18 wherein each of R 12 and R 13 is a halogen atom or alkyl group. 

20. The compound according to Claim 18 wherein the cyclic hydrocarbon is a C 5 . 7 cyclic hydrocarbon. 

50 

21. The compound according to Claim 18 wherein 



55 




132 



EP 1 302 470 A1 

group 

is a phenyl group which may be substituted by a C,^ alkyl group. 

22. The compound according to Claim 18 wherein the ring L is a substituted benzene ring. 

23. 2-[7-Chloro-4-(3-chlorophenyl)-6-methyl-2-ox^ 
mide; 

2- [7-ch!oro-4- (3-chlorophenyl) -6-methyl-2-oxo-2H-chromen-3-yl]-N-[4-fluoro-2-(trifluoromethyl)phenyl]aceta- 
mide; 

2- [7-chloro-4-(3-chloro-4-fluorophenyl) -6-methyl-2-oxo-2H-chromen-3-yl]-N-[4-fluoro-2-(trifluoromethyl)phenyl] 
acetamide; 

2-[7-chloro^-(3-chloro-4-fluorophenyl)-6-me^ 
acetamide; 

2-[7-chloro-6-methyl-4- (3-methylphenyl) -2-oxo-2H-chromen-3-yl]-N-[4-chloro-2-(trifluoromethyl)phenyl]aceta- 
mide; 

2-[7-chloro-6-methyl^-(3-methylphenyl^ 
mide; 

247-chloro-2^xo-4-phenyl-6-[(4-phenylpiperazin-1-yl)m 
phenyl]acetamide; 

2-[7-chloro-2K>xo^-phenyl-6-[(4-phenylpi^^ 
phehyl]acetamide; 

2-[7^hloro-6-[[4-(4-chlorophenyl)-3,6Hjihydr^^ 

[4-chloro-2-(trifluoromethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(4-chlorophenyl)-3,6-dih^ 

-N-[4-fluoro-2-(trifluoromethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(3-methylphenyl)piperidin-1-yn^ 

omethyl)phenyl]acetamide; 

2-[7-chloro-6-[[4-(3-methylphenyl)piperidin-1^^ 

omethyl)phenyl]acetamide; or a salt thereof. 

24. A prodrug of a compound according to any one of Claim 12, 18 or 23. 

25. A pharmaceutical composition comprising a compound according to any one of Claim 12, 18 or 23 or a prodrug 
thereof. 

26. An agent for inhibiting progression of an arteriosclerotic focus comprising a compound having a lipid-rich plaque 
regressing effect or a salt thereof. 

27. The agent according to Claim 26 in combination with an HMG-CoA reductase inhibitor. 

28. A method for producing the compound according to Claim 12 or a salt thereof, which comprises reacting a com- 
pound represented by Formula [VII]: 




[in which each symbol is as defined in Claim 1 2] or a salt thereof or a reactive derivative thereof with a compound 
represented by Formula [VIII]: 
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[VIII] 



[in which each symbol is as defined in Claim 12] or a salt thereof. 

29. A method for producing the compound according to Claim 18 or a salt thereof, which comprises reacting a com- 
pound represented by Formula [IX]: 




X] 



[in which each symbol is as defined in Claim 18] or a salt thereof or a reactive derivative thereof with a compound 
represented by Formula [X]: 




[in which each symbol is as defined in Claim 18] or a salt thereof. 

30. A method for producing the compound according to Claim 18 or a salt thereof, which comprises reacting a com- 
pound represented by Formula [XI] : 




[in which each symbol is as defined in Claim 18] or a salt thereof with a compound represented by Formula [XII] : 
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0=C=H 

5 




CXII3 



[In which each symbol is as defined in Claim 18] or a salt thereof. 

10 31. A method for regressing a lipid-rich plaque in a mammal, which comprises administering an effective amount of 
the compound according to Claim 1 or a salt thereof to a mammal. 

32. A method for preventing and treating acute coronary artery syndrome in a mammal, which comprises administering 
an effective amount of the compound according to Claim 1 or a salt thereof to a mammal. 

15 

33. A method for preventing and treating acute myocardial infarction in a mammal, which comprises administering an 
effective amount of the compound according to Claim 1 or a salt thereof to a mammal. 

34. A method for preventing and treating unstable angina in a mammal, which comprises administering an effective 
20 amount of the compound according to Claim 1 or a salt thereof to a mammal. 

35. A method for preventing and treating peripheral artery occlusion in a mammal, which comprises administering an 
effective amount of the compound according to Claim 1 or a salt thereof to a mammal. 

25 36. A method for regressing a lipid-rich plaque in a mammal, which comprises administering an effective amount of 
the compound according to Claim 12, a salt thereof or a prodrug thereof to a mammal. 

37. A method for regressing a lipid-rich plaque in a mammal, which comprises administering an effective amount of 
the compound according to Claim 18, a salt thereof or a prodrug thereof to a mammal. 

30 

38. A use of the compound according to Claim 1 or a salt thereof for producing a lipid-rich plaque regressing agent. 

39. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic and therapeutic agent 
against acute coronary artery syndrome. 

35 

40. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic and therapeutic agent 
against acute myocardial infarction. 

41. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic and therapeutic agent 
to against unstable angina. 

42. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic and therapeutic agent 
against peripheral artery occlusion. 

45 43. A use of the compound according to Claim 12, a salt thereof or a prodrug thereof for producing a lipid-rich plaque 
regressing agent. • 

44. A use of the compound according to Claim 18, a salt thereof or a prodrug thereof for producing a lipid-rich plaque 
regressing agent. 

50 



135 



EP 1 302 470 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/06070 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C07D307/82, C07D307/98, C07D311/18, C07D311/94, C07D405/12, 
C07D405/04, C07D405/06, C07D513/04, C07D413/12, C07D311/92, A61K31/352, 
A61K31/343, A61K31/453, 

According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C07D307/82, C07D307/98, C07D311/18, C07D311/94 , C07D405/12, 
C07D405/04, C07D405/06, C07D513/04, C07D413/12, C07D311/92, A61K31/352, 
A61K31/343, A61K31/453, 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CA(STN) , REGISTRY (STN) ,WPIDS(STN) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A I 


JP 64-71817 A (Pfizer Inc.), 
16 March, 1989 (16.03.89), 
the whole document 
& EP 305028 A 




1-30,38-44 


X 


JP 6-340647 A (NIHON NOHYAKU CO., LTD.), 
13 December, 1994 (13.12.94), 
compound Nos. 62, 63 
& EP 613894 A 


18,22 


X 


JP 7-149722 A (Takeda Chemical 
13 June, 1995 (13.06.95), 
compounds in examples 21, 22 
& EP 602598 A 


Industries, Ltd.), 


18,22 


I I Further documents are listed in the continuation of Box C. 


1 1 See patent family annex. 




* Special categories of cited documents: 

"A" document defining the general state of Ac art which is not 

considered to be of particular relevance 
C E" earlier document but published on or after the international filing 

date 

"V document which may throw doubts on priority clatm(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 


T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

T document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 


Date of the actual completion of the international search 
17 August, 2001 (17.08.01) 


Date of mailing of the international search report 
28 August, 2001 (28.08.01) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 




Facsimile No. 


Telephone No. 





Form PCT/ISA/210 (second sheet) (July 1992) 



136 



i 



EP 1 302 470 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/06070 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2X&) for the following reasons: 

1. [3 Claims Nos.: 31-37 

because they relate to subject matter not required to be searched by this Authority, namely: 

Claims 31-3 7 pertain to "methods for treatment of the human body by surgery 
or therapy" as provided for in Rule 39.1{iv) of the Regulations under the 
PCT . 

2. £2 Claims Nos/. 24,25,43,44 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

See extra sheet 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . Q As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. Q No required additional search fees were timely paid by the applicant Consequently, this international 
search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest 
I I No protest accompanied the payment of additional search fees. 
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Continuation of A 



A61K3l/4433,A61K3l/497 , A61K31/5377 , A61K31/506 , A61K31/437 , A61K31/423 , 
A61K45/00,A61P43/00,A61P9/10,A61P9/08 

Continuation of B 

A61K3l/4433,A61K3l/497,A61K3l/5377,A6lK3l/506,A61K31/437,A61K3l/423, 
A61K45/00,A61P43/00,A61P9/10,A61P9/08 



Continuation of Box No. 1-2 of continuation of first sheet (1) 



It is unclear what compounds the term "prodrug" set forth in Claim includes , 
though the disclosure of the description has been examined. Therefore, the 
scope of compounds and drugs of the invention is unclear. 

Thus, claims 24, 25, 43 and 44 and the description fail to comply with 
the prescribed requirements to such an extent that a meaningful search could 
not be carried out. 

In this international search report, prior art search has been carried 
out on the basis of the compounds specifically disclosed in the description. 
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